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HIGH-DENSITY REACTION CHAMBERS AND 
METHODS OF USE 

RELATED APPLICATION 

0001) This application claims benefit under 35 U.S.C. 
119(e) of U.S. provisional patent application 60/514,887, 
filed Oct. 27, 2003, the entire content of which is incorpo 
rated herein by reference. 

BACKGROUND OF INVENTION 

0002) 1. Field of Invention 

0003. The invention generally relates to methods and 
devices for performing high throughput biological assays. In 
particular, the invention relates to microarray methods and 
devices for nucleic acid diagnostic assayS. 

0004 2. Discussion of Related Art 

0005 There is an ongoing need to reduce the cost of 
molecular assays for both research and clinical applications. 
Research efforts that use population Studies to identify 
asSociations between different diseases and genetic charac 
teristics are limited by the cost of molecular testing. The use 
of routine genetic testing in clinical Settings also has been 
limited by the high cost of individual assays. Nonetheless, 
an increasing number of genetic targets have been shown to 
have clinical significance, either for the prediction of disease 
risk factors or for the early-stage detection of disease. 
Therefore, there is a pressing need for low-cost methodolo 
gies that can be implemented effectively to make these 
genetic targets available for routine clinical use. 

0006 Most molecular assays for determining the pres 
ence and/or quantity of particular biological molecules 
involve detecting the binding of Specific reagents to biologi 
cal molecules Such as nucleic acids or proteins that are 
present in a Sample. For example, the presence of a particu 
lar DNA molecule in a Sample is typically detected using an 
assay that involves hybridizing a probe to the DNA mol 
ecule. In assays where Several targets are being Simulta 
neously tested for, the general approach involves immobi 
lizing one group of reactants, labeling a Second group of 
reactants, and then exposing the labeled reactants to the 
immobilized reactants. The immobilized reactants are then 
queried to determine whether any of the labeled reactants 
were bound to them. For example, a Dot Blot DNA assay 
involves immobilizing sample DNA on a flat surface and 
exposing labeled nucleic acid probes to the immobilized 
DNA. In contrast, a reverse Dot Blot assay involves immo 
bilizing nucleic acid probes on a flat Surface and exposing 
labeled sample DNA to the immobilized probes. Many 
commercially-available DNA tests use reverse Dot Blot 
configurations. A customer may purchase a glass slide that 
has different classes of probe DNA attached to it. The 
customer may then label Sample DNA, expose it to the glass 
Slide, and query the Slide for the presence of label indicative 
of hybridized sample DNA. The presence of a statistically 
Significant amount of hybridized Sample DNA at a particular 
position (and also at duplicate positions) on the slide is 
indicative of the presence, in the Sample DNA, of one or 
more Sequences complementary to the probe that is attached 
to the glass slide at that position. 
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0007. The costs of molecular assays have been reduced 
over the past few years through increased parallelism and 
miniaturization of hybridization assayS. The development of 
microarrayS has increased the ability to perform parallel 
tests of many targets in a Single Sample, thereby reducing 
both labor and reagent costs. DNA microarrays typically 
include a predefined pattern of many different DNA mol 
ecules bound to a flat Surface. This pattern typically consists 
of spots of DNA that range from 60 to 150 microns in 
diameter, Spaced 250 to 350 microns apart, resulting in 
approximately 4000 spots per Square centimeter. Even 
though a glass slide may contain 50,000 or more DNA spots, 
there are typically 5 duplicates for each spot So that only 
about 10,000 different DNA groups are represented on the 
slide. Microarray hybridization may be performed by expos 
ing all the DNA groups arrayed on the flat Surface to a single 
sample of labeled DNA fragments. Hybridization of the 
labeled fragments to the arrayed DNA is then measured in 
order to determine whether any of the labeled fragments 
were complementary to any of the arrayed DNA. In this 
configuration, only one or two different labels may be used 
for pooled samples of DNA fragments, because of the 
difficulty in discriminating between more than a couple of 
different labeled DNA molecules hybridized to a single spot 
on the flat Surface. In this regard, this technology may not be 
used effectively for Simultaneously testing many Samples, 
Such as from multiple patients, on a single microarray. 
0008 Attempts have been made to increase the number 
of patient Samples that can be assayed on a single microarray 
platform. Modest improvements were achieved by breaking 
the microarray Surface into different Sections, each of which 
was then exposed to different samples for hybridization. In 
one effort, it was shown that 250 hybridization elements 
could be placed at the bottom of the wells of a standard 
96-well microtiter plate (also referred to herein as a multi 
well plate), thereby enabling a parallel analysis of 250 
targets in 96 Separate Samples. This microtiter plate 
approach allowed Standard automation procedures to be 
used for loading and processing of the microarray Surfaces. 
However, this approach could not be Scaled up to process 
higher numbers of Samples and targets. For example, a 
standard 384-well microtiter plate, which has the same 
overall dimensions as a 96 well plate, provides only a 
quarter of the bottom Surface area available in each well, and 
therefore only Supports approximately 60 targets in each 
well. 

0009 Bead-based systems also have been used in 
attempts to increase Sample throughput. By replacing the flat 
microarray Surface with a bead Surface, the Surface area 
available for individual hybridizations is increased, thereby 
enabling parallel processing of an increased number of 
samples. DNA probes are attached to the surfaces of the 
beads, and labeled Segments of Sample DNA are exposed to 
the probes. The beads are then queried for the presence of 
label, which would indicate the hybridization of a labeled 
DNA fragment to a bead. This assay can be readily auto 
mated. However, each target in a Sample must be individu 
ally amplified and labeled in order to produce the many 
individual segments of target DNA used for the hybridiza 
tion assay. The process of amplifying and labeling individual 
Segments is expensive and complicates the reuse of Sample 
DNA for Subsequent testing on different targets. Also, bead 
based Systems involve high Sample Volumes, bead counting, 
expensive equipment, and are limited to a Small number of 
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targets per Sample. Therefore, despite the advantages of this 
procedure, there is still a pressing need in the art for methods 
and devices for performing multiple Simultaneous assays on 
multiple Samples. 

SUMMARY OF INVENTION 

0.010 Aspects of the invention provide methods and 
devices for combining multiple Samples and reagents in 
Simultaneous parallel reactions. In one embodiment, these 
reactions may be performed using very Small amounts of 
Sample and reagent. In aspects of the invention, reduced 
amounts of Sample and reagent manipulation StepS may be 
used to Set up a large number of reactions. 
0011. In one aspect, the invention relates to a method of 
forming a line of Sample on a Surface by (a) forming a 
contact between a reaction Surface on a reaction Substrate 
and an open microfluidic channel on a channel Substrate; (b) 
introducing a Sample Solution into the microfluidic channel, 
wherein the Sample Solution contacts the reaction Surface 
along a contact line formed by the contact between the 
reaction Surface and the open microfluidic channel; and (c) 
disrupting the contact between the reaction Surface and the 
microfluidic channel, thereby forming a line of Sample on 
the reaction Surface, wherein the line corresponds to the 
contact line. 

0012. In another aspect, the invention relates to a reaction 
Surface array having a plurality of lines of immobilized 
reactant, wherein the array of immobilized reactants is 
produced using a method of the invention. The immobilized 
reactant may be a component of a Sample Such as a biologi 
cal Sample. Alternatively, the immobilized reagent may be a 
component of a reagent Such as an oligonucleotide probe. 
The array of reactants may have a density of at least 50 
Sample lines per linear centimeter on the reaction Surface. 
0013 In another aspect, the invention relates to method 
of contacting each member of a plurality of immobilized 
reactants with each member of a plurality of mobile reac 
tants by (a) forming a contact between a reaction Surface on 
a reaction Substrate and an array of open microfluidic 
channels on a channel Substrate, wherein the reaction Surface 
comprises an array of lines of immobilized reactants, and, 
(b) introducing mobile reactant Solutions into the microflu 
idic channels to form contacts between each of the immo 
bilized and mobile reactants by interSecting each line of the 
immobilized reactant with a line of mobile reactant. 

0.014. In another aspect, the invention relates to a method 
of connecting a matrix of Sample wells to an array of 
microfluidic channels, by (a) contacting a first Surface of a 
matrix of Sample wells to a first Surface of a transfer plate in 
order to form fluid connections between wells in the matrix 
and channels on the transfer plate; and, (b) contacting a 
Second Surface of the transfer plate to a first Surface of an 
array of microfluidic channels in order to form fluid con 
nections between microfluidic channels of the array and 
channels on the transfer plate. 
0.015. In another aspect, the invention relates to an inter 
face including a guide adapted to align a tip of a pipette 
toward an orifice within a guide of a guide plate and a 
retainer adapted to hold the tip of the pipette in the orifice. 
The guide may be a well in a multi-Well plate having one or 
more orifices toward the bottom of each well. The guide may 
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be shaped like a funnel. The retainer may be made of a 
compliant material that is adapted to conform to the pipette 
tip. The retainer also may form a Seal. The retainer may be 
made of Silicone or other compliant material. The retainer 
may be held within a groove of the guide. 

0016. In another aspect, the invention relates to a method 
of delivering Solution from a pipette tip onto a channel or 
hole in a Substrate Such as an array of microfluidic channels 
or a transfer plate as described herein. The Solution may be 
delivered by applying positive pressure to the pipette tip 
(e.g., by using a pipettor). Alternatively, the Solution may be 
delivered by applying a vacuum to the channel or hole and 
drawing the Solution out of the tip. 

0017. In another aspect, the invention relates to an appa 
ratus including an array of open microfluidic channels each 
having a width of less than 500 microns. In one aspect, the 
invention relates, to an apparatus including an array of open 
microfluidic channels each having a depth of less than 500 
microns. 

0018. In one embodiment, one or more channels in an 
array may be in fluid communication with one another in 
order to introduce a common Sample onto the reaction 
Surface. An array of microfluidic channels may be made of 
PDMS or other material. 

0019. One aspect of the invention includes depositing a 
first Set of Samples or reagents in a predetermined pattern on 
a Solid Substrate, and contacting the deposited material with 
a Second set of Samples or reagents to form a predetermined 
matrix of contact points between each of the Samples and 
reagents. The contact points may then be observed to detect 
reactions or reaction products indicative of an interaction 
between one or more of the first Set of reagents and one or 
more of the Second Set of reagents. 

0020. Another aspect of the invention provides methods 
and devices for depositing Samples or reagent on the reac 
tion Substrate. 

0021. In another aspect, the invention provides methods 
and devices for contacting one or more reagents to one or 
more Samples previously deposited or immobilized on a 
reaction Surface. Still, according to another aspect the inven 
tion provides method and devices for contacting one or more 
Samples to reagents that are immobilized on a reaction 
Surface. 

0022. In yet another aspect of the invention, a combina 
tion microtiter plate and microfluidics device is provided 
that is useful to perform genetic tests on a Series of patient 
Samples Simultaneously, which may reduce the cost and 
increase the Speed of genetic testing. In another embodi 
ment, the invention provides a device that enables Samples 
to be reused for new genetic tests. In another embodiment, 
the invention provides a device that can be Scaled up to 
perform many tests on many Samples Simultaneously. In 
another embodiment, the invention provides a device where 
the reaction kinetics of the tests can be optimized to achieve 
maximum accuracy, while using the lowest quantities of 
Sample. In yet another embodiment, the invention provides 
a device that can be loaded with Samples, reagents, and 
probes using Standard inexpensive automation components. 
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0023. In these and other aspects of the invention, a 
Sample may be introduced at one end of the microfluidic 
channel and drawn into the microfluidic channel by applying 
a negative pressure to another end of the microfluidic 
channel. A contact line of the microfluidic channel may be 
Straight, curved or of another shape. A contact line may be 
between 1 micron and 500 microns wide. A contact line of 
the microfluidic channel may be between 1 and 500 microns 
deep. In other embodiments, the height and depth may be 
different. A reaction Substrate may be a glass plate. A 
channel array Substrate may be PDMS. Each microfluidic 
channel in an array may have Similar dimensions. A microf 
luidic channels may be separated by a channel walls each 
having a thickness of between 5 and 50 microns. A number 
of channels may be between 10 and 2,000. 
0024. These and other aspects of the invention are 
described in the following detailed description, examples, 
and attached figures. The examples and figures are non 
limiting and other aspects of the invention will be apparent 
to one of skill in the art based on the detailed description, 
Summary, and attached claims. 
0.025 The disclosure of the scientific publications and 
patents listed herein are incorporated herein by reference in 
their entirety. 

BRIEF DESCRIPTION OF DRAWINGS 

0026. The accompanying drawings, are not intended to 
be drawn to Scale. For purposes of clarity, not every com 
ponent may be labeled in every drawing. In the drawings: 
0.027 FIG. 1 shows flowchart of an assay according to 
one embodiment; 

0028 FIG. 2 shows an embodiment of step 110 of FIG. 
1; 

0029) 
0030 FIG. 4 shows a contact points formed between at 
the interSections of immobilized rows of Sample and 
reagents, 

0.031 FIG. 5a shows a portion of an array of microfluidic 
channels, 

0032 FIG. 5b shows an array of microfluidic channels 
mated with a reaction Substrate; 

0.033 FIG. 6 shows an upper perspective view of a 
multi-well assembly; 

0034 FIG. 7 shows a lower perspective view of a multi 
well assembly; 

FIG.3 shows an embodiment of contact step 1201; 

0035 FIG. 8 shows a top view of a multi-well plate 
having apertures disposed in the bottom of each well, 

0.036 FIG. 9 shows a top transparent view of a transfer 
plate mated with a microfluidic array; 

0037 FIG. 10 shows a top view of the transfer plate 
depicted in FIG. 9; 

0038 FIG. 11 shows a top view of the microfluidic array 
depicted in FIG. 9; 

0039 FIG. 12 shows a top view of another transfer plate 
mated with another microfluidic array; 
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0040 FIG. 13 shows a top view of the transfer plate 
depicted in FIG. 12; 
0041 FIG. 14 shows a top view of the microfluidic array 
depicted in FIG. 12; 
0042 FIG. 15 shows a cross-section of a combination 
microfluidic array containing two channels that croSS each 
other at right angles and communicate with each other; 
0043 FIG.16 shows channels in a microfluidic array that 
can be opened to allow flow or closed to prevent flow or 
diffusion; 
0044 FIG. 17 shows droplets of reactant immobilized 
onto a reaction Substrate; 
004.5 FIG. 18 shows an image of target DNA deposited 
in lines on a reaction Substrate; 
0046 FIG. 19 shows images of vertical lines of immo 
bilized target DNA exposed to horizontal lines of labeled 
probe, 

0047 FIG. 20 shows a microfluidic device with 96 
channels connected to entry ports, 
0048 FIG. 21 shows a single microfluidic channel hav 
ing a Serpentine configuration that is adapted to deliver a 
Single reactant over multiple portions of a reaction Substrate; 
0049 FIG.22 shows a cross-sectional view of a microf 
luidic channel, according to one embodiment; 
0050 FIG. 23 shows a cross sectional view of a docking 
interface, according to one embodiment; 
0051 FIG. 24 shows a top view of a guide plate, as used 
with one embodiment of a docking interface; 
0052 FIG. 25 shows a docking interface placed within a 
clamping fixture, 
0053 FIG. 26 shows an array of microchannels that may 
be used with the docking interface shown in FIG.25 as print 
channels, 
0054 FIG. 27 shows an array of microchannels that may 
be used with the docking interface shown in FIG. 25 as 
hybridization channels, 
0055 FIG.28 shows an overlapped view of the arrays of 
microchannels shown in FIGS. 26 and 27; 
0056 FIG. 29 shows an top view of an array of 96 
microchannels connected to inlet ports shown as cruciforms, 
0057 FIG. 30 shows an top view of exemplary compo 
nents of devices according to the invention; 30a shows a 
transfer plate; 30b shows a channel array; 30c shows a 
channel array with a different channel configuration; 30d 
illustrates the overlay of the channel arrays of 30b and 30c. 
0058 FIG. 31 shows a cross section of a single channel 
on a reaction Surface; the channel is mated to a transfer plate 
that in turn is mated to a reservoir Support. 

DETAILED DESCRIPTION 

0059 Aspects of the invention relate to methods and 
devices for delivering material to a reaction Site. A material 
may be a Solution containing a reactant, e.g., a Sample 
Solution or a reagent Solution. In one embodiment, aspects of 
the invention relate to methods and devices for delivering a 
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first material to and/or depositing the first material on a 
Surface where the material may be contacted with a Second 
material. In one embodiment, aspects of the invention relate 
to methods and devices for delivering a first material to 
and/or depositing the first material on a Surface where a 
Second material has already been deposited. In one embodi 
ment, aspects of the invention relate to methods and devices 
for delivering a material to a microfluidic channel or con 
duit. 

0060 Aspects of the invention provide an efficient 
approach to performing large numbers of reactions between 
multiple Samples and/or reagents. Aspects of the invention 
may be useful for medical research and diagnostic proce 
dures that involve running multiple tests on large numbers of 
patient Samples. Aspects of the invention also may be useful 
for other applications that require mixing large numbers of 
Samples and reagents in individual reactions. Aspects of the 
invention may be particularly useful for performing large 
numbers of reactions using Small Volumes of Sample and 
reagent while minimizing the number of physical manipu 
lations required to mix the samples and reagents. It should 
be appreciated that other aspects of the invention may be 
used for different applications as described herein. 

0061 Aspects of the invention relate to analytical meth 
ods and devices that are useful for a) depositing and/or 
immobilizing one or more reactants on a Substrate, and/or b) 
contacting one or more deposited or immobilized reactants 
with one or more mobile reactant Solutions. The contact 
points between the different reactants may be monitored for 
a reaction or Signal of interest. Accordingly, the invention 
may be useful for conducting multiple Simultaneous reac 
tions where multiple test Samples are individually exposed 
to various different reaction conditions or reagents. These 
aspects may be particularly useful for high throughput 
Screening assayS Such as nucleic acid-based diagnostic 
assayS. However, other medical assays or chemical reactions 
also can be performed and/or monitored, as the invention is 
not limited in this respect. Still, according to other aspects, 
devices may be used to provide Sample to microarrays that 
have probe DNA immobilized thereon. 

0062). Other aspects of the invention relate to improved 
methods of providing reactants to a microarray, either for 
deposition onto the microarray or for contacting reactants 
previously deposited on the microarray. In Some embodi 
ments, a transfer plate may provide fluid connections 
between a multi-well plate or other macro-scale device (e.g., 
multi-pipettor, etc.) and an array of microfluidic channels. 
Still in Some embodiments, a docking device or interface 
may assist Sample delivery equipment, Such as a pipette or 
multi-pipette (including one-dimensional and two-dimen 
Sional multi-pipettors) in interfacing with a transfer plate or 
an array of microfluidic channels. Such that a Small volume 
of reactant may be efficiently delivered. 

0.063. Other aspects of the invention relate to methods 
and devices for reducing the reaction time between a reagent 
and a Sample. In one embodiment, very short hydridization 
times may be used to hybridize reagents and Samples at 
interaction points using methods and devices of the inven 
tion. Parameters may be established to decrease reaction 
times in order to reduce overall assay times. 
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0064. The block diagram of FIG. 1 shows an embodi 
ment of the invention where a first reactant is deposited onto 
a reaction substrate 50 in act 110. The deposited reactant is 
contacted with a Second reactant in act 120. The reaction 
between the first and Second reactants is determined in act 
130. The input reactants of act 100 (e.g., target nucleic acids 
in patient Samples and/or diagnostic oligonucleotides in 
reagent Solutions) will depend on the application chosen by 
the operator. Similarly, the output conclusions of act 140 
(e.g. patient diagnosis or prognosis) will depend on the 
assays being performed and on the results of the assayS. 
Other aspects of the invention may include fewer acts, 
additional acts, or alternative acts as described herein. 

0065. In one aspect, the invention relates to depositing at 
least one reactant on a Substrate as exemplified by the block 
diagram of FIG. 2, which represents an embodiment of 
deposition act 110 from FIG. 1. In act 200 of FIG. 2, the 
open side 52 of an open microfluidic channel 54 is exposed 
to a reaction Surface of a reaction Substrate (e.g. a glass 
plate). The walls 56 of the open channel are contacted to the 
reaction Surface to form a conduit or closed microfluidic 
channel 60 along the length of the interface between the 
open channel and the reaction Substrate. In act 210, a Volume 
of reactant Solution is flowed into and/or through the microf 
luidic conduit to deposit reactant on the reaction Surface. In 
act 220, the microfluidic channel is removed, and a trail or 
line 58 of reactant remains on the reaction Surface. Other 
aspects of the deposition procedure may include fewer acts, 
additional acts, or alternative acts as described herein. It 
should be appreciated that an array of open microfluidic 
channels may be used to deposit a plurality of reactants onto 
a Substrate. 

0066. In another aspect, the invention relates to contact 
ing at least one mobile reactant Solution to at least one 
reactant that was previously deposited on a Substrate (the 
deposited reactant also may have been immobilized on the 
substrate as described herein). This is exemplified by the 
block diagram of FIG. 3, which represents an embodiment 
of contact act 120 from FIG. 1. In act 300 of FIG. 3, a 
microfluidic conduit is formed by contacting the open Side 
of a microfluidic channel to a reaction Surface in an orien 
tation Such that the channel intersects at least one area (e.g., 
a line or a spot) of reactant previously deposited on the 
Surface. The resulting microfluidic conduit may intersect 
multiple areas (e.g., lines or spots) of deposited reactant. In 
act 310, a volume of a mobile reactant Solution is flowed into 
and/or through the microfluidic conduit to contact the depos 
ited reactant at the interSection between the microfluidic 
channel and the area of deposited reactant. In act 320, the 
microfluidic channel conduit is removed from the reaction 
Substrate in order to process the Substrate for analysis in act 
130. Act 320 is optional, as are other acts. Other aspects of 
the contact procedure may include fewer acts, additional 
acts, or alternative acts as described herein. It should be 
appreciated that an array of open microfluidic channels may 
be used to contact a plurality of mobile reactant Solutions to 
one or more previously deposited reactants on a Substrate. In 
Some embodiments, the reaction between mobile reactants 
and Surface bound reactants can be monitored directly 
without removing the Second microfluidic channel (or array 
of microfluidic channels) from the reaction Surface. 
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0067 AS is to be appreciated, embodiments of the inven 
tion may include the above described method of forming a 
contact 62 between one or more mobile reactant(s) and one 
or more immobilized reactant(s) without also completing 
other described methods (e.g., without using the deposition 
procedure described herein. In this regard, a reactant Such as 
a component of a Sample or reagent may be provided to a 
reactant that was previously immobilized on a microarray. 
Such microarrayS may be produced through methods other 
than those previously described herein (e.g., using other 
reactant deposition methods known to one of skill in the art), 
or may be procured with one or more Sample or reagent 
components already deposited and/or immobilized thereon. 
0068. In some embodiments, a plurality of reactants may 
be deposited through a plurality of microfluidic channels 
(preferably using an array of microfluidic channels 64) onto 
a reaction Surface to form a plurality of reactant lines as 
illustrated in FIG. 4. The reactant lines 58 shown in FIG. 4 
are Substantially parallel lines. However, the reactant lines 
may be configured in any way that allows Subsequent 
analytical Steps to be performed, as the invention is not 
limited in this respect. In Some illustrative embodiments, the 
reactant lines may not interSect each other over an “analyti 
cal portion'66 of the reaction substrate (the portion of the 
reaction Substrate that is monitored for reactions between 
Sample and reagent). 
0069. It should be appreciated that the reactant lines 
described herein (e.g., deposition or contact lines) may be of 
any shape, including linear, curved, branched, or a combi 
nation thereof. Each line may include one or more bends 
(e.g., curves or angles). The shape and configuration of the 
lines is related to the shape and configuration of the open 
microfluidic channels that are contacted to the reaction 
Surface and used to deliver the reactant(s) to the reaction 
site(s). 
0070. In some embodiments, a plurality of mobile reac 
tant solutions 68 are flowed through a plurality microfluidic 
channels (preferably using an array of microfluidic chan 
nels) to intersect the plurality of reactant areas (e.g., lines or 
spots) previously deposited on the Substrate. This may form 
a matrix of contact points 62 between the mobile reactant 
Solutions and the immobilized reactant areas, as illustrated 
in FIG. 4. FIG. 4 shows an embodiment of the invention 
where an array of Substantially parallel flows of mobile 
reactant Solutions Substantially normal to an array of Sub 
Stantially parallel lines of immobilized reactant. AS dis 
cussed above, the different mobile reactant flows can be 
configured in any way that allows Subsequent analytical 
Steps to be performed. In Some illustrative embodiments, the 
mobile reactant flows may not interSect each other over an 
analytical portion of the Substrate Surface. Additionally, in 
illustrative embodiments each mobile reactant flow inter 
Sects an immobilized reactant line only once. However, the 
invention is not limited in this regard, as the mobile reactant 
flow may intersect any given immobilized reactant line 
multiple times. In fact, in one illustrative embodiment as 
shown in FIG. 21, a single channel 70 may flow reactant in 
a Serpentine manner about the analytical portion of a reac 
tion Substrate. Such an embodiment may prove particularly 
useful in applications where a single Sample is to be dis 
tributed about a matrix of contact points on a reaction 
Substrate. For example, a Sample may be distributed over a 
micro-array of reactants Such as an array of oligonucleotide 
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probes that were previously deposited on the reaction Sur 
face (e.g., a commercially available micro-array). In one 
embodiment, one or more channels may be configured to 
follow a circuit that runs over a plurality of previously 
deposited reactant spots. This format may be Suitable when 
the dimensions of the Spots are greater than the channel 
width thereby allowing Several channels to croSS a Single 
reactant Spot on the reaction Surface. 
0071 According to another embodiment, aspects of the 
invention provide microfluidic arrays that are useful for the 
reactant deposition and contact Steps described above. In 
Some embodiments, the same microfluidic array can be used 
for the deposition and contact Steps. However, in illustrative 
embodiments, different channel configurations may be used 
for the deposition and contact Steps, as the present invention 
is not limited in this respect. 
0072 FIG. 5a shows a portion of an exemplary microf 
luidic array. In FIG. 5a, each channel 70 has a single 
channel inlet 72 toward a first end, a single channel outlet 74 
at a Second end, and a channel wall 56 Separating each 
adjacent channel of the array. However, in other embodi 
ments, each channel could have two or more channel inlets 
and two or more channel outlets. Still, the channels of other 
embodiments may share common inlets or outlets, as aspects 
of the present invention are not limited to any particular 
channel configuration. AS described herein, each channel 
may have end(s) defined by end walls 57 (see FIG. 22, for 
example) not shown in the portion of the array of FIG. 5. 
Accordingly, the inlet and outlets may not be open croSS 
Sections at the ends of the channels. Rather, inlets and/or 
outlet ports may be included in the form of one or more holes 
75 connecting one or more walls (e.g., a channel Side, end, 
floor, or combination thereof) to an opening on another side 
of the array (see FIGS. 5 and 22 for example). 
0073. As described in more detail herein, one or more of 
the channel outlets may be connected to an exhaust or 
evacuation channel 76. One or more of the channel outlets 
also may be blocked to form a dead end channel without an 
outlet. Still, one or more of the channel outlets also may be 
connected to a well 78 of a multi-well plate 80 or other 
reservoir, either directly or indirectly, Such as through a 
fluidic channel of a transfer plate, as described in greater 
detail herein. 

0074. In another embodiment, aspects of the invention 
provide a reaction Substrate for use with an array of microf 
luidic channels, or “microfluidic array'64 as used herein. In 
Some embodiments, this Substrate is a Standard glass plate. 
In other embodiments, the Substrate has structural features 
that are useful to align the substrate with the microfluidic 
array. Similarly, the microfluidic array can have structural 
features that are useful to align the reaction Substrate with 
the microfluidic array. Other structural features in either one 
or both of the microfluidic array and the reaction substrate 
can be included to form and maintain a fluid Seal between 
the two components while Solutions are flowed through the 
channels. In Some embodiments, the reaction Substrate may 
include sample areas (e.g. lines or spots) that were previ 
ously immobilized on its Surface, either through methods 
described herein, or other methods. 

0075. In a further embodiment, aspects of the invention 
may include a transfer plate 84 to connect an array of 
microfluidic channels to a Sample array Such as a microtiter 
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or multi-Well plate or a multi-pippette delivery device. The 
transfer plate may adapt the microfluidic array for use with 
automated Sample processing devices and methods that 
operate at a larger Scale. A docking device 82 may be used 
to interface a Sample delivery device with the transfer plate. 
0.076 The invention also provides additional configura 
tions of docking devices, transfer plates, and microfluidic 
channels that can be used to deposit or react a Single reactant 
or a plurality of reactants on a Substrate Surface (e.g., to form 
a matrix of reactants). 
0.077 As used herein, reactants may be components of a 
Sample to be assayed (e.g., a biological Sample Such as a 
tissue extract, blood Serum, urine, Sputum, extracted cell 
protein, microorganisms, an environmental Sample, a 
Sample to be tested for a biologically active or infectious 
organism, a Sample to be tested for a chemical moiety, a 
Sample to be tested for a toxin or other harmful molecule). 
Accordingly, a reactant may be a nucleic acid (e.g., genomic 
DNA, other DNA, or RNA), protein, polypeptide, lipid, 
carbohydrate, other metabolite, or combination thereof. A 
reactant also may be any other moiety that can be either 
deposited on a reaction Surface and/or flowed acroSS a 
reaction Surface in the form a reactant Solution and which 
may be involved in a reaction with another reactant. A 
Sample may be obtained from an animal, plant, microbe, or 
virus. An animal may be, for example, a mammal (e.g., a 
human, mouse, rat, dog, cat, horse, cow, goat, sheep, pri 
mate, etc.), a bird, or a reptile. A biological Sample Solution 
may be a crude, partially purified, or substantially purified 
Solution containing one or more reactants as described 
herein. A reactant may be purified according to procedures 
known to one of skill in the art. Reactants also may be 
components of a reagent used to detect or otherwise perform 
an assay on a Sample. Accordingly, a reactant may be a 
nucleic acid probe (e.g., a DNA, RNA, PNA, or modified 
form thereof), a peptide, an antibody, an aptamer, a binding 
agent, an enzyme Substrate. A detection reactant may be 
labeled (e.g., with a fluorescent, enzymatic, radioactive, 
magnetic, electromagnetic, or other detectable label, or a 
combination thereof). A reagent Solution may contain one or 
more different reactants. It should be appreciated that Sample 
and reagent Solutions also may include buffers, Salts, and 
other components (e.g., blocking agents, nucleotides, other 
metabolites, enzymes, etc.). A reagent Solution may contain 
components Suitable for an enzyme reaction, including 
buffer and Substrates for the enzyme. A reagent Solution may 
contain components Suitable for a nucleic acid amplification 
reaction (e.g., PCR, LCR, rolling circle amplification or 
other isothermal amplification, etc.) that may be useful to 
promote or Stabilize desirable reactions. It should also be 
appreciated that aspects of the invention may be practiced by 
depositing either one or more Sample reactants on a Surface 
or by depositing one or more detection reactants on a 
Surface, as the invention is not limited by the type of reactant 
that is deposited on a reaction Surface. Similarly, either a 
mobile Sample reactant or a mobile detection reactant may 
be contacted to a previously deposited reactant, as the 
invention is not limited by the type of mobile sample 
reactant. In Some embodiments, a combination of Sample 
and detection reactants may deposited on a reaction Surface 
(either mixed together or separately). In Some embodiments, 
a combination of mobile Sample reactants and mobile detec 
tion reactants may be used (either mixed together or sepa 
rately). 
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0078. These and other aspects of the invention are 
described in more detail herein. 

0079 Microfluidic Methods for Depositing a Reactant on 
a Reaction Surface 

0080. As outlined in FIG. 2, a reactant (e.g., a sample or 
reagent) may be deposited on a reaction Surface of a reaction 
Substrate using an open microfluidic channel. The open Side 
of the microfluidic channel is covered with a reaction 
Substrate to form a closed channel or conduit. FIGS. 5B and 
16 show a reaction surface 50 in contact with the open side 
of a portion of a microfluidic array 64. The reaction substrate 
is shown in direct contact with the top Surface of the Side 
walls of the open microfluidic channel, thereby forming a 
closed channel with part of the reaction Surface forming a 
wall of the closed channel. AS discussed herein, the closed 
channel may have end walls shown in FIG. 22 and channel 
inlets and/or outlets are provided by inlet or outlet ports. A 
Solution of the reactant to be deposited onto the Surface is 
then flowed into the channel. This may occur with the 
reaction Substrate positioned beneath the microfluidic array 
as shown in FIG. 16, or above as shown in FIG. 5b, or in 
other orientations. The orientation of the reaction Substrate 
and associated microfluidic channels is not limiting. The 
Substrate may be above the channel array, the channel array 
may be above the Substrate, the Substrate may be on its side 
or end with a channel array next to it, the Substrate and 
asSociated channel array may be rotated in any direction that 
is convenient for the operator and/or device being used. 
However, it may be important for the seal formed between 
the walls of the channels and the reaction Surface to be 
adapted to be Sufficiently leak-proof for the orientation being 
used. The efficiency of reactant deposition is a function of 
Several factors, including the concentration of reactant in the 
Solution, the Speed of reactant Solution flow in the channel, 
the time of contact between the Solution and the reaction 
Surface, the Volume of reactant Solution that is flowed 
through the channel, and the physical properties of the 
reaction Surface. 

0081. In one embodiment, the channel may be filled with 
Sample Solution and incubated for a time Sufficient for 
Sample deposition. The time required for deposition depends 
on Several factors as discussed herein. However, times range 
from nearly instantaneous to Several hours. The Sample 
Solution can be removed by flushing with another Solution, 
and/or be dried by flushing with a gas Such as air or nitrogen. 
Still, in other embodiments the sample may be of a small 
enough Volume that drying occurs almost immediately. The 
Sample Solution could also be removed by removing the 
microfluidic channel. However, if the channel is full, reac 
tion Solution may spill over the reaction Surface and blur the 
line of reactant deposited by the microfluidic channel. 

0082 In another embodiment, a volume of sample may 
be flowed through a channel. The volume may be sufficient 
to fill the height and width of the channel as the volume is 
flowed through the channel. The volume should be sufficient 
to ensure contact between the reaction Surface and the 
Solution as it flows through the channel. AS the Volume 
progresses through the channel, reactant may be deposited 
on the reaction Surface. After the Volume has flowed through 
the channel, a trail or line of reactant remains on the reaction 
Surface. In Some embodiments, the Sample Volume is Sur 
rounded by air or other gas as it flows through the channel. 
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AS a result, once the Volume has flowed through the channel, 
the deposited Sample line is relatively dry and will not mix 
with any adjacent Sample lines when the microfluidic chan 
nel is removed from the reaction Surface. Accordingly, in 
one embodiment, one or more reactants may be deposited 
using an uninterrupted flow of a Solution Volume through the 
channel and across the Surface (i.e., the flow of the Solution 
is not stopped at any time during the deposition). Aspects of 
the invention are not limited by the flow speed of the 
reactant Solution. However, a slower flow Speed may result 
in increased deposition efficiency of reactant provided that 
the flow Speed is not So Slow that the Solution is essentially 
depleted of reactant (or reactant diffusion to the Surface is 
rate limiting) at a position in the channel before fresh 
Solution is introduced to that position. 
0.083. In one embodiment, a volume of reactant solution 
that is larger than the Volume of the portion of the closed 
channel formed by contact with the reaction Surface (i.e. 
smaller than the volume of the portion of the channel that is 
in direct fluid contact with the reaction Surface) may be 
flowed through the channel. The volume may be drawn (by 
vacuum) or pushed (by positive pressure) from a reservoir 
upstream from the reaction area, as described herein. In 
aspects of the invention, the Volume of reactant Solution that 
is flowed through a channel may be 10 to 1,000 times greater 
than the volume of the portion of the channel that is in 
contact with the reaction Surface. However, aspects of the 
invention are not limited by the reactant Volume. Accord 
ingly, in one embodiment, a reactant Volume may be Smaller 
than the volume of the portion of the closed channel formed 
by contact with the reaction Surface (i.e. Smaller than the 
volume of the portion of the channel that is in direct fluid 
contact with the reaction Surface). 
0084. In one illustrative embodiment, the channel is 50 
microns wide (dimension “W"), 10 microns deep (dimen 
Sion “D’), and the contact length with the reaction Surface 
is 10 mm long (dimension “L”), as illustrated in FIG. 22. 
The contact length with the reaction Surface may be the 
length between the two end walls of an open channel. 
Alternatively, the contact length may be the length of open 
channel if the channel(s) include one or more closed por 
tion(s). In one embodiment, the analytical length (the con 
tact length with the analytical portion of the reaction Sur 
face) may be shorter than the contact length with the reaction 
Surface. In particular, different configurations of channels 
may include one or more portions of the channel that are for 
delivering a Solution from an input port to the analytical 
portion of the reaction Surface, or for exhausting a reactant 
Solution to an outlet port. AS described herein, due to certain 
geometrical constraints imposed by having large numbers of 
channels, the analytical portion of the array may be located 
remotely form the inlet and outlet ports. The analytical 
length of a channel may be between 1 mm and 5 cms, and 
preferably about 1 cm long. However, any analytical length 
may be used. Longer analytical lengths may be required to 
interrogate more immobilized reactants (e.g., more depos 
ited lines of reactant. In one embodiment, a the analytical 
length or portion of a channel may be narrower that either 
one or both of the upstream (delivery) or downstream 
(exhaust) portions of the channel. For example, the width of 
the delivery and exhaust portions of the channel may be 
between about 100 and 200 microns, whereas the width of 
the analytical portion of the channel may be between about 
10 and about 90 microns. However, other combinations of 
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sizes described herein may be used. Similarly, in Some 
embodiments, the channel depth in the analytical portion of 
the channel may be smaller than that of the delivery and 
exhaust portions. 
0085. In one aspect, a nucleic acid sample can be depos 
ited by flowing a 100 nanoliter volume of nucleic acid 
Solution acroSS the 10 mm contact length in 60 Seconds. The 
nucleic acid Sample may contain between 1 and 100 nano 
grams of DNA, more preferably about 10 nanograms of 
DNA. An oligonucleotide (e.g., a labeled oligonucleotide) 
concentration may be between 1 and 1,000 nM. The nucleic 
acid sample volume can be between 1 and 100 nanoliters. In 
Some embodiments, a Smaller or larger Volume may be used. 
In Some embodiments, between 100 nanoliters and 5 micro 
liters of reactant Solution may be flowed through a channel. 
In one embodiment, 500 nanoliters of reactant solution may 
be flowed through a channel. A flow time may be between 
about 1 and about 5 minutes. However, shorter or longer 
flow times, and Smaller or larger Volumes may be used. It 
should be appreciated that shorter flow times may be used 
with Solutions having higher reactant concentrations. 
0086 Sample solution flow may be induced, in one 
illustrative embodiment, by applying a vacuum to one 
portion of channels of the microfluidic array. For example, 
a vacuum line can be connected to the channel either through 
the reaction Substrate or the Substrate comprising the microf 
luidic array, or both. However, the vacuum may be applied 
elsewhere, or not at all, as the invention is not limited in this 
respect. 

0087. The microfluidic array may be removed from the 
reaction Surface to allow for additional processing Steps. The 
reaction Surfaces can be washed, dried, and treated in 
additional ways to immobilize the Sample that was deposited 
on the reaction Surface. Examples of methods for Strength 
ening the interaction between a Sample and a reaction 
Surface are known in the art and depend on the nature of the 
Sample and the reaction Surface. For example, nucleic acids 
can be fixed onto a glass Surface by treatment with ultra 
Violet light, heat, or both. However, as is to be appreciated, 
embodiments of the invention may not require any addi 
tional Steps, as the invention is not limited in this manner. 
0088 Embodiments of the invention may produce an 
essentially continuous line or lines of Sample on the reaction 
Surface. The shape and size of the line may be a function of 
the shape and size of the microfluidic channel that was used 
to deposit the Sample. A Single channel may have Sections of 
different shape and size (e.g., different width and/or height). 
0089. In one illustrative embodiment, multiple samples 
are deposited Simultaneously. In one embodiment, different 
Samples are deposited in parallel lines using an array of 
microfluidic channels. The channels are preferably con 
nected to one or more exhaust channels or ports that collect 
the Samples after they flow acroSS the reaction Surface. The 
exhaust ports are typically connected to one or more waste 
containers. However, Sample Solutions could be retrieved in 
individual containers for Subsequent use. 
0090. In some embodiments, a sample volume is flowed 
back and forth acroSS the reaction Surface in order to deposit 
the appropriate amount of Sample on the Surface. 
0091. The amount of sample to be deposited depends on 
the nature of the Sample and the assay that will be performed 
on the sample. 
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0092 Microfluidic Methods for Contacting an Immobi 
lized Reactant with a Mobile Reactant Solution. 

0093 Reactants that are deposited (and/or immobilized) 
on a reaction Surface of a reaction Substrate can be contacted 
by one or more mobile reactants using a microfluidic chan 
nel. According to the invention, the area of the deposited 
reactant is determined by the method used to deposit the 
reactant. One or more reactants may be deposited using 
methods of the invention or other deposition methods 
(including spotting and lithography as described herein, 
electrochemical deposition (e.g., as described in Egeland et 
al., 2002, Anal. Chem., 74, 1590-1596), and/or other tech 
niques known to one of skill in the art). 
0094. It should be appreciated that methods and devices 
described above and below for depositing a reactant on a 
reaction Surface also may be used for contacting an immo 
bilized reactant with a mobile reactant solution. Similarly, 
methods and devices described above and below for con 
tacting an immobilized reactant with a mobile reactant 
Solution also may be used for depositing a reactant on a 
reaction Surface. 

0.095. In one embodiment, a microfluidic channel may be 
contacted to a reaction Surface in Such a way that the channel 
intersects one or more areas of immobilized reactant on the 
Surface. A Solution of the mobile reactant then may be 
flowed into the channel. In some illustrative embodiments, 
the reactants may be continuously moved over the immo 
bilized reactant-never remaining stationary. The time 
required for the interaction between mobile and deposited 
reactants depends on the nature of the interaction and the 
concentrations and Volumes of the reactants. In an embodi 
ment of a nucleic acid hybridization reaction, no Stationary 
hybridization time may be used, because detectable and 
representative hybridization occurs within the time that it 
takes for the Volume of mobile reactant Solution to pass over 
the immobilized reactant. Similarly, in embodiments of 
other reactions (e.g., antibody/antigen interactions) no sta 
tionary reaction time may be used. However, in Some 
embodiments, the mobile reactant solution may be left in the 
channel for a Sufficient time to interact with the immobilized 
reactant. The mobile reactant can be left for between about 
5 seconds and 12 hours. In other embodiments it can be left 
for shorter or longer times. In Some embodiments, the 
mobile reactant is left for 1 to 6 hours, or 6 to 12 hours. The 
optimal reaction time may be dependent on the concentra 
tion of the mobile reactant in Solution. In some embodi 
ments, 60 picomoles of Cy3 and Cy5 labeled probes were 
prepared in a solution volume of 0.5 microliters. It should be 
appreciated that if a mobile reactant Solution is to be left 
Stationary over the deposited reaction area for a reaction 
time, it may be desirable to use a sufficient volume of mobile 
reactant Solution to cover the deposited reactant area during 
the reaction or interaction time. In contrast, if no reaction or 
interaction time is being used, the Volume of mobile reactant 
can be Such that it contacts the entire deposited reactant area 
by flowing over it, but it may not cover the entire area at any 
Single point in time. In Some embodiments, a Small volume 
of the mobile reactant could be flowed over the immobilized 
reactant as described for the deposited reactant above. 
However, in other embodiments, the Volume may be large 
enough to cover Substantially all of the reaction Surface 
during the flow time (except for during channel filling and 
emptying). 
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0096. The reaction surface can be treated before the 
mobile reactant is contacted to the Surface to prevent any 
interaction between the reactant and the Surface. 

0097. In one illustrative embodiment, a plurality of 
mobile reactants are contacted to one or more immobilized 
reactants on the reaction Surface using an array of microf 
luidic channels. Typically, the immobilized reactants are 
deposited in parallel lines on the Surface and the mobile 
reactants are flowed acroSS the immobilized reactant lines So 
that every mobile reactant flow intersects every Sample line. 
However, in Some embodiments, a Subset of Sample lines 
and mobile reactant lines may not interSect. Typically, the 
mobile flow lines are perpendicular to the immobilized 
Sample lines. However, any angle (or combination of angles) 
between different sets of lines can be used provided the 
desired number of immobilized reactants are contacted with 
mobile reactant lines. 

0098. According to aspects of the invention, each channel 
can be connected to an evacuation channel or port 76 as 
discussed herein. Accordingly, in Some embodiments, there 
may be a Single evacuation port in the form of a through 
hole for each channel. In this embodiment, the evacuation 
port is the channel outlet port. In other embodiments, the 
outlets of different channels may merge to form one or more 
common evacuation channels that may be connected to an 
evacuation port that may be in the form of a through-hole as 
described herein. In one embodiment, Several channels (e.g. 
about 2, 3, 4, 5, 10, 100, or more) may be connected to a 
Single evacuation port or channel. Shared outlets may be 
connected in the form of a tree or manifold with shared 
evacuation ports or channels from a few microchannels 
merging into larger common evacuation ports or channels. 
There may be several Stages of channel merging leading to 
one or a few common evacuation ports or channels for the 
entire array of microfluidic channels. At each Stage, a 
common channel formed by the merging of Several other 
evacuation channels may have a larger cross-sectional area 
(e.g., wider, deeper, or both) than each of the channels that 
merged. In one embodiment, the croSS-Sectional area of a 
larger common channel may be identical to the Sum of the 
croSS-Sectional areas of each of the Smaller channels that 
were merged to form the larger channel. In one embodiment, 
the cross-sectional area of a common channel formed by the 
merging of Several Smaller channels may be identical or 
Substantially identical to the cross-sectional area of each of 
the channels that were merged. According to aspects of the 
invention, even when the outlets are merged, each channel 
may still have a single inlet connected to a single reactant 
loading port (optionally through a transfer plate). In one 
embodiment, a reactant Solution may be drawn into an array 
of microfluidic channels by applying a vacuum to one or 
more of the exhaust channels or ports. The vacuum preSSure 
may be equal on all exhaust channels or ports. In one 
embodiment, about 1.5 psi of vacuum may be applied. 
However, any Suitable positive or negative pressure may be 
applied. AS described herein, an evacuation port 76 may pass 
through Several devices including an array, a transfer plate, 
a reservoir plate, and/or a docking interface (see FIG.31, for 
example). 
0099. In some embodiments, one or more of the channels 
may be dead end channels. Reactant Solutions may readily 
be forced into dead end channels if the microfluidic array 
material is Sufficiently porous to allow diffusion of any gas 
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trapped by the advancing reactant Solution. In one embodi 
ment, a dead end channel may contain a mobile reactant in 
the channel and may allow for prolonged contact between 
the modile reactant and the immobilized reactant(s) on the 
reaction Surface. When using a dead end channel, the flow 
of the mobile reactant(s) may not need to be monitored. 
Indeed, the mobile reactant(s) may be introduced into the 
channels and driven to the dead-ends using 1-3 psi of 
pressure (or other appropriate amount of positive or negative 
pressure) without requiring Sophisticated monitoring equip 
ment to ensure that a Sufficient amount of reactant is in each 
microfluidic channel. In one Such embodiment, the channels 
are dead-ended within the area of contact between the 
reaction Surface and the microfluidic array. 
0100. In one embodiment, after sufficient incubation, the 
channel or array of channels may be removed and the 
reaction Surface may be washed to remove any unbound 
reactants prior to further analysis. This washing Step may be 
used where a) the reaction product to be detected remains 
associated with the immobilized Surface sample, and b) 
mixing of reagents upon removal of the array does not 
interfere with the detection and interpretation of the reaction 
results. However, as is to be appreciated, the invention is not 
limited by requiring washing Steps. 
0101. In some instances, such as assays involving hybrid 
ization of nucleic acids, it may be desirable to control the 
temperature of the reaction Surface and/or microfluidic chan 
nel. This may be achieved using a variety of conventional 
means. For example, if either component contains an appro 
priate conductor, Such as anodized aluminum, that compo 
nent may be contacted with an appropriately controlled 
external heat Source. Alternatively, the channels could be 
outfitted with heaters and thermocouples to control the 
temperature of the fluid disposed within them or running 
through them. 
0102) The method by which an interaction between an 
immobilized and a mobile reactant is analyzed will depend 
upon the reactants. For example, where the two chemical 
Species each constitute one member of a binding pair of 
molecules (for example, a ligand and its receptor or two 
complementary polynucleotides), the interaction can be con 
Veniently analyzed by labeling one member of the pair, 
typically the chemical Species in Solution, with a moiety that 
produces a detectable Signal upon binding. Only those 
contact points where binding has taken place will produce a 
detectable signal. 
0103) Any label capable of producing a detectable signal 
may be used in embodiments of the invention. Such labels 
include, but are not limited to, radioisotopes, chromophores, 
fluorophores, lumophores, chemiluminescent moieties, etc. 
A label may be a compound capable of producing a detect 
able Signal, Such as an enzyme capable of catalyzing, e.g., a 
light-emitting reaction or a calorimetric reaction. A label 
may be a moiety capable of absorbing or emitting light, Such 
as a chromophore or a fluorophore. 
0104. Alternatively, both chemical species may be unla 
beled and their interaction may be indirectly analyzed with 
a reporter moiety that specifically detects the interaction. For 
example, binding between an immobilized antigen and a 
first antibody (or vice versa) could be analyzed with a 
labeled Second antibody Specific for the antigen-first anti 
body complex. For nucleic acids, the presence of hybrids 
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could be detected by intercalating dyes, Such as ethidium 
bromide, which are specific for double Stranded nucleic 
acids. In another embodiment, an interaction between unla 
beled reagents may be detected using plasmon resonance 
imaging. In one aspect, a technique for detecting an inter 
action between two or more reactants may involve flowing 
two or more mobile reactant Solutions Sequentially over an 
immobilized reactant. 

0105. Once patterned in the horizontal and vertical direc 
tions, the glass Slide is free to be analyzed using any 
detection device including, but not limited to, a Standard 
Slide Scanner. 

0106 Those of skill in the art will recognize that the 
above-described modes of detecting an interaction between 
two reactants at a contact point are merely illustrative. Other 
methods of detecting myriad types of interactions between 
chemical Species are well known in the art and can be readily 
used or adapted for use with the arrays of the present 
invention. 

0107. It should also be appreciated that methods and 
devices described for depositing a reactant also may be used 
for delivering a mobile reactant in Some embodiments. 
Similarly, methods and devices for delivering a mobile 
reactant may be used for depositing a reactant in Some 
embodiments. It should also be appreciated that methods 
and devices described with merged and/or common outlet 
channels may be flowed in the opposite direction to deliver 
a common reactant to a plurality of channels. In Such 
applications, an array may have branching channels both 
upstream and downstream form the analytical portion of the 
channels. 

0108 Reaction Substrates 
0109 Useful reaction Substrates may have a reaction 
Surface with properties that do not interfere with reactant 
(e.g. Sample or reagent) deposition in Step 110. For example, 
if the Sample is negatively charged, a negatively charged 
reaction Surface may be avoided for Some embodiments. 
Similarly, a reaction Surface may be one that does not 
interfere with Subsequent reaction and detection Steps 120 
and 130. For example, it may be desirable for a reaction 
between a reactant bound to a reaction Surface and a mobile 
reactant to not be obscured by a reaction between the mobile 
reactant and the reaction Surface. For example, in a DNA 
hybridization reaction where target DNA is immobilized on 
a reaction surface, the hybridization of a mobile labeled 
probe to its complementary target Sequence should be stron 
ger than the binding of that probe to the reaction Surface, at 
least according to Some embodiments. 
0110. A reaction Surface may be a flat or substantially flat 
Surface. Alternatively, a reaction Surface may include a 
regular or irregular pattern of bumps, Stipples, ripples, 
Valleys, hills, mounds, one or more mesh-like Structures, or 
other physical variations. Depending on the intended use, a 
reaction Surface may be porous, hydrophilic, hydrophobic, 
negatively charged, positively charged, Sticky, or a combi 
nation thereof. Regions of the reaction Surface may have 
different properties, and a reaction Surface may include one 
or more areas with any one or more of the properties 
described herein. However, in many embodiments the reac 
tion Surface (or a portion thereof) is Such that it can form a 
leak-proof (or Substantially leak-proof) Seal when contacted 
by the walls of one or more microfluidic channels. 
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0111. A reaction substrate may be a single layer of 
material having a reaction Surface. Alternatively, a reaction 
Substrate may include two or more layers where a reaction 
Surface layer is Supported by one or more underlying Support 
layers. Different layers may consist of different material. A 
reaction Surface may be treated (e.g., physically or chemi 
cally) before a reactant is deposited onto the Surface. The 
treatment may be Suitable for improving the binding or other 
properties of the reaction Surface as described herein. 

0112) In some embodiments, a reaction surface may be 
treated (e.g., physically or chemically) after a first set of 
Samples is deposited in order to prevent or minimize any 
interaction between the reaction Surface and a Second Set of 
Samples. For example, after target DNA is deposited (and 
preferably immobilized) on a glass Surface for a hybridiza 
tion assay, the glass Surface may be treated with a blocking 
agent Such as Salmon Sperm DNA to prevent non-specific 
binding between the glass Surface and any Subsequently 
added hybridization probes. 

0113. In many embodiments of the invention, the depos 
ited Sample is a biological Sample. The reaction Surface may 
be sensitized to bind to a reactant that is to be deposited on 
the Surface. For example, the reaction Surface may be 
modified by attachment with or otherwise coating with a 
biomolecular recognition species. Useful biomolecular rec 
ognition species include a protein (e.g., an antibody, an 
antibiotic, an antigen target for an antibody analyte, or a cell 
receptor protein), a nucleic acid (e.g., DNA or RNA), a cell, 
or a cell fragment. 

0114. If a biomolecular recognition species is to be added 
to the reaction Surface, the Surface may be composed of a 
material or mixture of materials that may be readily acti 
Vated or derivatized with reactive groupS Suitable for effect 
ing covalent attachment. Non-limiting examples of Suitable 
materials include acrylic, Styrene-methyl methacrylate 
copolymers, ethylene/acrylic acid, acrylonitrile-butadiene 
styrene (ABS), ABS/polycarbonate, ABS/polysulfone, ABS/ 
polyvinyl chloride, ethylene propylene, ethylene Vinyl 
acetate (EVA), nitrocellulose, nylons (including nylon 6, 
nylon 6/6, nylon 6/6-6, nylon 6/9, nylon 6/10, nylon 6/12, 
nylon 11 and nylon 12), polycarylonitrile (PAN), polyacry 
late, polycarbonate, polybutylene terephthalate (PBT), poly 
ethylene terephthalate (PET), polyethylene (including low 
density, linear low density, high density, croSS-linked and 
ultra-high molecular weight grades), polypropylene 
homopolymer, polypropylene copolymers, polystyrene 
(including general purpose and high impact grades), poly 
tetrafluoroethylene (PTFE), fluorinated ethylene-propylene 
(FEP), ethylene-tetrafluoroethylene (ETFE), perfluoro 
alkoxyethylene (PFA), polyvinyl fluoride (PVA), polyvi 
nylidene fluoride (PVDF), polychlorotrifluoroethylene 
(PCTFE), polyethylene-chlorotrifluoroethylene (ECTFE), 
polyvinyl alcohol (PVA), silicon styrene-acrylonitrile 
(SAN), styrene maleic anhydride (SMA), metal oxides, and 
glass. In Some embodiments, the reaction Surface also could 
be composed of PDMS or polymethyl methacrylate 
(PMMA) or any combination of suitable materials, includ 
ing those described herein. 

0115) In particular embodiments, antibodies can be 
immobilized on the reaction Surface using methods known 
in the art. In other embodiments, ligands and or antigens can 
be immobilized on the reaction Surface. 
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0116. The size and shape of the reaction surface may 
depend on Several factors, including the number of reactions 
to be performed, the Size of the Sample channels, and the size 
of the array of channels. However, Since aspects of the 
invention bring mobile reactant Solutions to immobilized 
reactants by active fluid flow, the efficiency of each reaction 
is not affected by the size of the reaction surface. Therefore, 
the reaction Surface may be Significantly larger than many 
currently used microarrayS. Accordingly, the Surface can be 
sized to accommodate as many reactions as needed. This 
may be an advantage over current microarray Systems that 
are limited in size, because they rely on diffusion between 
reagents and bound targets over the entire Surface of the 
array as opposed to diffusion only over the Size of the 
reaction contact. Nonetheless, in one embodiment, Substrate 
sizes may be similar to those of other microarray Systems So 
that the Substrates can be processed using available auto 
mated devices and procedures. Similarly, aspects of the 
invention are not limited by the shape of the reaction 
Substrate and reaction Surface. They may be Subtantially 
rectangular, Square, circular, Oval, or other regular or irregu 
lar shape. Aspects of the invention also are not limited by the 
thickness of the reaction Substrate. However, in Some 
embodiments, the reaction Substrate may be between about 
0.1 mm and 10 mm. The thickness of the reaction Substrate 
may be related to the physical properties (e.g., the strength 
and/or flexibility) of the substrate material. 
0117. As discussed above, a reaction surface may be flat 
So that it readily forms a seal with the upper Surface of the 
microfluidic channel walls upon contact. However, other 
shapes also may be used as the invention is not limited in this 
regard. 

0118 Microfluidic Arrays 
0119) According to aspects of the invention, microfluidic 
arrayS 64 may reduce the cost of, increase the Speed of, 
and/or increase the accuracy of many assays including 
hybridization tests in various applications. In one aspect, one 
or more microfluidic channel(s) may be used to run a volume 
of reactant Solution over a reaction Surface. In one embodi 
ment, a reactant may be deposited on the reaction Surface. In 
an alternative embodiment, a reactant may be brought into 
contact with another reactant that was previously deposited 
on the Surface as described herein. 

0120 Aspects of the invention provide a novel platform 
that enables a large number of individual data points to be 
obtained by interrogating a group of Samples with a group of 
reactants Such as probes. Microfluidic channels, preferably 
arranged as a microfluidic array, may be used to contact 
columns of mobile reactant to rows of deposited or immo 
bilized reactants as discussed herein. 

0121. In some embodiments, each row of sample may 
interact with all of the columns of probes, thus providing a 
novel assay platform where each interSection of Sample and 
probe represents a unique data point. The number of Samples 
or the number of probes used may be varied from one to the 
largest number that a column or row of the device will hold. 
In one embodiment, a microfluidic array may be used with 
a standard 25 mm by 75 mm microarray glass slide to obtain 
1536 lines of Sample running in the short direction, and three 
times 1536 lines of probe (4608 probes) running in the long 
direction. Multiplexing of these two groups results in each 
of the 1536 sample being probed for 4608 targets, totaling 
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over 7 million unique data points. In contrast, when using 
currently available microarrays, only one to two Samples are 
typically tested against probes, although the probe number is 
generally in the tens of thousands. For example, the Affyme 
trix HUSNP chip interrogates 10,000 targets, but only in a 
Single Sample. 
0122) According to the invention, microfluidic conduits 
useful for exposing a Solution to a reaction Surface are 
formed by contacting the open side of an open microfluidic 
array of channels to the reaction Surface, thereby forming a 
closed microfluidic channel or conduit along the length of 
the contact. An open microfluidic channel of the invention 
comprises a channel floor and a pair of guiding walls that are 
typically used to direct the Sample when it is flowed acroSS 
the reaction Surface and therefore to determine where 
Samples are deposited on the Surface. A representative array 
of channels, as shown in FIGS. 5a and 5b, is formed in a 
Substrate having a plurality of channel walls. The walls may 
be parallel and may separate parallel microfluidic channels, 
although the invention is not limited in this regard. The 
thickness of each wall is typically similar to the width of 
each microfluidic channel. However, different wall thick 
nesses and different channel widths can be used. Wall 
thicknesses may range from about 1 micron to about 200 
microns, and may be between about 5 microns and about 
150 microns, and may be about 100 microns. However, 
Smaller or larger wall thicknesses may be used. Similarly, 
channel widths and heights range from about 1 micron to 
about 500 microns, and may be between about 5 microns 
and about 250 microns. In Some embodiments, channel 
widths and/or heights may be between about 1 micron, about 
10 microns, about 20 microns, about 30 microns, about 40 
microns, about 50 microns, about 100 microns, about 150, 
about 200 microns, or about 250 microns. However, other 
sizes including Smaller or larger sizes also may be used as 
aspects of the invention are not limited in this regard. The 
height and width of a channel may be independent. How 
ever, in one embodiment, the height and width of a channel 
may be Substantially the same in order to optimize pressure 
gradients and or fluid flow patterns. However, Smaller or 
larger channel widths and heights can be used. Channel 
lengths are usually similar to the linear dimensions of a 
Standard glass Slide. In Some embodiments, channel lengths 
may range form about 5 mm to about 5 cm. However, any 
channel length can be used provided that the length does not 
prevent solution flow in the channel. Channels may be of 
uniform length, width, and/or depth. However, aspects of the 
invention are not limited by the size and configuration of the 
channels. Accordingly, a microfluidic array may include one 
or more channels and each channel may have a different 
length, height, width, and/or configuration. In one embodi 
ment, a channel may 
0123. Each channel may have ends defined by the ends of 
the open portion of the channel on the channel Surface of the 
array. AS used herein, the channel Surface of the array is the 
Surface that presents one or more open channels. Each 
channel may not extend to the edges of the array. Accord 
ingly, when a reaction Surface is contacted to one or more 
open channels, a closed System is formed provided that the 
reaction Surface covers the entire open portion of each 
channel. Accordingly, in order to deliver a Solution to a 
closed conduit, each microfluidic channel may be in fluid 
communication with an inlet port. The inlet port maybe a 
through hole that connects the channel Surface of the array 
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(e.g. the channel wall, floor, or combination thereof) to 
another Surface of the array (e.g., the Surface of the array that 
is opposite to channel Surface). This inlet port can be used 
to load a Solution directly into the channel, e.g. using a 
microfluidic loading device inserted into the port. In one 
embodiment, the microfluidic loading device may be an 
interface or docking device of the invention. Alternatively, 
the inlet port can be connected to a transfer plate as 
described herein. Similarly, each channel may be in fluid 
communication with an outlet port. An outlet port also may 
be a through hole connecting the channel Surface of the array 
to another Surface of the array. In one embodiment, the outlet 
port may be connected to a vacuum, either directly or via a 
transfer plate as described herein. The outlet port may be 
used to remove Solution from the channel and may be in 
fluid communication with one or more channels or outlet 
holes on a transfer plate as described herein. The inlet and 
outlet ports may be located approximately at the ends of 
each channel on the microarray. The location of an inlet 
and/or outlet port is not limiting, and a port may be located 
anywhere along the length of a channel. 

0.124. An array of microfluidic channels can be mated 
with a reaction Substrate Such that the open Side of each 
channel is facing downward toward the substrate. When a 
reactant Solution is flowed through each channel in the array, 
it may be guided by the Sidewalls, and potentially, the top 
wall of each channel So that the Sample may be deposited 
onto the reaction Surface as described herein. 

0.125 Microfluidic arrays may contain any number of 
microfluidic channels. In Some embodiments, a microfluidic 
array has between 5 and 500,000 microfluidic channels. 
However, Smaller or larger numbers of microfluidic chan 
nels can be Supported by a microfluidic array. Some illus 
trative embodiments of microfluidic arrays have between 
about 10 and 100,000 microfluidic channels, preferably 
between 100 and 10,000, more preferably around 1,000 or 
2,000, and up to about 5,000. Still, other embodiments of 
microfluidic arrays may comprise a single microfluidic 
channel, Such as the one defining a Serpentine path in FIG. 
21. In one embodiment, the number of channels per linear 
centimeter (measured on the array in a direction that crosses 
a plurality of channels) may be between about 10 and about 
500, or between about 50 and about 250. In one embodi 
ment, the number of channels per linear centimeter may be 
about 40, about 60, about 80 about 100, about 120, about 
140, about 160, about 180, about 200, about 300, about 400, 
about 500. However, other numbers, including larger or 
Smaller numbers may be used. It should be appreciated that 
the number of channels on the array may determine the 
number of reactants that may be deposited and/or reacted 
according to aspects of the invention. Accordingly, the 
number of interaction Sites can be calculated by multiplying 
the number of deposited reactant lines by the number of 
mobile reactant lines that are used in Some aspects of the 
invention. 

0.126 Microfluidic arrays are preferably made of a mate 
rial, Such as the materials typically used in Soft lithography. 
AS is to be appreciated, Such materials may be Soft enough 
to provide a Seal when mating with the Substrate. However, 
a separate Sealing gasket may be used to prevent leakage of 
the sample fluid between the channels or out of the entire 
microfluidic array. This may be implemented when the 
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microfluidic array is made of a harder material, Such as 
Silicon, that may not readily Seal with a Substrate that is also 
made of a hard material. 

0127. An array is typically made by painting (e.g. spray 
ing or spin-coating) a photoresist onto a Surface Such as a 
glass or Silicon Surface (e.g. a silicon wafer), exposing the 
photoresist to light to cure a predetermined pattern in the 
shape of the desired array. The uncured photoresist is 
removed thereby generating a mold that is Subsequently 
used to make the array. The array is preferably made out of 
PDMS or polyurethane. Other possible materials include 
PDMS and hard plastics such as Polycarbonate or Acrylic. 
A PDMS device may be too costly or may absorb an 
unacceptable amount of biological material. A hard plastic 
device presents challenges in Sealing the layers to each other 
and to the glass. However, other manufacturing methods can 
also be used. 

0128. In some embodiments, different structures may be 
used to guide the Sample along the Substrate Surface. For 
instance, the mirofluidic channels are not required to have a 
rectangular or Square croSS Section, nor are they required to 
follow linear paths as the invention is not limited in this 
respect. In Some embodiments, channels may have a trian 
gular croSS Section. Such triangular channels allow a greater 
percentage of the channel croSS Sectional area to be in direct 
contact with the mating Substrate, which may be advanta 
geous for depositing Some Samples. In other embodiments, 
the channel croSS Section reduces the percentage of contact 
area between channel and the mating Substrate. 
0129. The reactant fluid alone may flow through each 
channel of an array allowing reactant to be deposited on a 
Substrate Surface. In aspects of the invention, reactant may 
diffuse from a reactant Solution to an area of reactant Surface 
immediately adjacent to a column of the reactant Solution 
(e.g., below or above depending on the orientation of the 
reaction Surface and associated microfluidic channel). In 
Some embodiments, a reactant Surface may attract a reactant. 
This may be the case with a glass Substrate, which generally 
attracts charged DNA molecules. In Some embodiments, it is 
preferable to have the channels made of an inert material, 
such as PDMS, polyurethane, or other perfluorinated elas 
tomer. In this manner, the channel material may not deplete 
the reactant Solution and may not reduce the concentration 
of reactant (e.g. DNA) being deposited on the reaction 
Surface. 

0130. As discussed above, different reactants can be 
deposited on the reaction Surface as different reactant Solu 
tions flow through the channels of a microfluidic array. 
Alternatively, reactant flow through each channel can be 
halted to allow the reactant to attach to the Substrate. 

0131 AS discussed herein, in some embodiments, a chan 
nel may be only partially filled with a reactant Solution and 
as the Solution passes through the channel, it may contact the 
reaction Surface along the length of the exposed channel(s) 
in the microarray. In Some embodiments, reactant Volumes 
for use in a deposition (or reaction) Step may be between /10 
and 9/10 of the volume of the open portion of the microfluidic 
channel that contacts the reaction Surface. However, Smaller 
or larger Volumes also may be used, as aspects of the 
invention are not limited in this respect. In Some embodi 
ments, the reactant volume may be about /3 of the volume 
of the microfluidic channel discussed above. 
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0132) The reactant fluid may be flowed through the 
microfluidic array through a variety of ways. In one illus 
trative embodiment, the fluid is drawn though the microf 
luidic array by a vacuum applied at one end of each channel. 
However, the invention is not limited in this respect, as 
positive preSSure may also be applied at the opposite end of 
each channel to drive the fluid. Still, in other embodiments, 
natural gravity forces associated with the Sample may drive 
the fluid through the channels. This natural gravity force can 
be augmented, or replaced by a centrifugal of a centrifuge or 
other Similar device to urge the Sample fluid through the 
channels of the device. Additionally, other body types of 
forces, Such as electrical forces may be used to drive the 
fluid through the device, Such as those typically involved in 
electrophoretic or electroSmotic devices. In one embodi 
ment, Surface tension may be Sufficient to draw a reactant 
Solution into a channel or conduit. For example, the walls 
(and/or floor) of the channel, the reaction Surface, or a 
combination thereof may be sufficiently wettable (e.g., 
hydrophilic) to draw an aqueous Solution into a conduit. 
0133) Multi-Component Assemblies 

0.134. Many microfluidic devices have proposed schemes 
for reducing the Size and therefore improving the efficiency 
of existing assay procedures. However, the challenge of 
delivering Samples and reagents to miniaturized assay 
devices remains a problem for many Such apparatuses. 
Often, the added inefficiencies associated with delivering 
Samples or reagents to miniature assay devices outweigh any 
efficiency gains associated with the devices. To address Such 
problems, a transfer plate may be used to deliver Sample 
and/or reagent to a microfluidic array from a Standard 
laboratory device Such as a multi-Well plate or other macro 
Scale reservoir. 

0.135 Multi-well plates are commonly used in industry 
and many automated devices and methods have been devel 
oped to Streamline their manipulation in performing assayS. 
Such automated devices may readily deliver Sample and/or 
reagent to any standard multi-well configuration (e.g., 96, 
192,384, 768, or 1536 well configurations) using existing 
automation equipment. A transfer plate, according to Some 
embodiments of the invention, may then be used to enable 
Sample and/or reagent Solutions deposited in a multi-Well 
plate to be transferred efficiently to a microfluidic array and 
onto or acroSS a reaction Substrate where hybridization or 
other assays may be conducted. 

0136 Standard multi-well plates (also referred to herein 
as microtiter plates) typically have wells arranged in a 
regular 8x12 matrix configuration, or a multiple thereof 
(e.g., a 16x24 matrix configuration). In a 96 well plate, the 
center to center spacing between wells is roughly 9 mm. The 
microfluidic array may have individual channels that are 
between 5 microns and 100 microns across. Therefore, in 
Some embodiments, Solutions contained within the 96 wells 
of a multiple plate are to be delivered from a macrofluidic 
sample area of the multi-well plate of about 100 square 
centimeters to an analytical portion of a microarray and a 
reaction Surface having as few as 10 Square centimeters or 
fewer. To accomplish this, a transfer plate may be provided 
with a Series of channels or fluid connections, as also 
referred to herein, each communicating between a channel 
on the microfluidic array and a well of the multi-well plate. 
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0.137. One desirable characteristic of the present inven 
tion is that using an assembly shaped like a Standard 
multi-well plate allows the assembly to be used with existing 
laboratory equipment. The assembly can be fed into existing 
Sample/reagent loading equipment, multi-Well Storage 
equipment. AS Such, no significant capital expenditures may 
be required to implement aspects of the invention. However, 
other configurations may be used as the invention is not 
limited in this respect. 
0138 A top exploded view of an embodiment of a 
multi-well assembly is shown in FIG. 6 and a bottom 
exploded view of the same embodiment is shown in FIG. 7. 
In this embodiment, a transfer plate 84 provides fluid 
connections 88 that run from a bottom Surface of the wells 
in the multi well plate 80 to individual channels of the 
microfluidic array 64. In Some embodiments, these microf 
luidic connections may include a port or passageway that 
receives fluid again after it has passed through the microf 
luidic array, as aspects of the fluid connections are not 
limited to residing Solely in the transfer plate. 
0.139. In one illustrative embodiment, the fluid connec 
tions include a dead end type connection. In Such embodi 
ments, a channel begins at a well 78 of the multi well plate, 
passes through the transfer plate, traverses a channel of the 
microfluidic array where it terminates in a dead-end. In Such 
embodiments, Sample or reagent residing within the well 
may be driven through the fluidic channel, including the 
channel of the microfluidic array and any connected reaction 
Surface, by pressure applied above the Sample in the multi 
well plate. In Some of Such embodiments, any air trapped air 
in the channel may escape through the air-permeable walls 
of the microfluidic device or of other components in the 
assembly 90. 

0140. In one illustrative embodiment, the fluid connec 
tion may be a flow-through type fluid connection beginning 
at a well of the multi well plate and ending at a individual 
outlets or a common outlet for all of the channels. In Some 
of Such embodiments, Sample or reagents in the Wells of the 
multi well plate may be driven by pressure applied at the 
well of the multi well plate, Such as light air pressure. In 
other embodiments, a vacuum at downstream ends of the 
channels, Such as a common outlet, may be used to draw the 
Sample or reagent from the well and through the fluid 
connection. 

0.141. In one illustrative embodiment having a flow 
through type connection, there are a limited number of 
outlets two (e.g., about two or three or four). This may 
greatly reduce the number of outlet ports that are needed in 
the microfluidic device and thus Save valuable real estate in 
designing a System. Having a limited number of outlets also 
may prevent reactants from dwelling within the microfluidic 
channels. Systems that have a larger number of outlets may 
have problems with back flowing, because of Surface tension 
effects at the channel inlets. Back flowing in Some Systems 
may allow contamination of the individual channels with 
reactants from other channels. 

0142 FIG. 31 shows a cross-section of an assembly with 
a Sample plate connected to a transfer plate which in turn is 
connected to a microfluidic array Sitting on top of a reaction 
Substrate. In this embodiment, reactant provided within a 
well or guide of the Sample plate is passed into a fluid 
connection 88 in the transfer plate. The reactant then follows 
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the fluid connection until it reaches a transfer port, where it 
is passed into a channel of a microfluidic array. The microf 
luidic array exposes the reactant to a reaction Substrate, as 
discussed herein, and then the reactant is evacuated out of an 
evacuation port. In this particular embodiment, the exhaust 
port extends back through each of the transfer plate and the 
Sample plate, although other configurations are possible. AS 
previously discussed, the various components of this assem 
bly may be sealed against one another either with Separate 
Sealing elements, or by Seal that is provided by the compliant 
nature of the components themselves. 
0.143 Another illustrative embodiment of a fluidic con 
nection includes a flow-through type fluidic connection. 
Here, the connection begins at a well of the multi well plate 
and ends at another well of the multi well plate after it has 
passed through a channel of the microfluidic array and any 
transfer plate that facilitates Such a connection. Such an 
arrangement may allow alternating exposure of Sample 
and/or reagent to the channels of the microfluidic array as 
they travel from one well to another. Such embodiments may 
also allow other different Samples or reagents to be sequen 
tially introduced into the channels for more complex assayS. 
For example, in one of Such embodiments, reagents for a 
first hybridization reaction may be followed by an introduc 
tion of a wash Solution to remove unhybridized or unreacted 
reagents. 

0144. It is to be understood that any of the above 
described fluid connections, or others, may be incorporated 
into assemblies 90 like those illustrated in FIGS. 6 and 7 
that may be used to deliver Sample and/or reagent to a 
microfluidic array 64 and a reaction Surface 50. FIGS. 6 and 
7 show a 96 multi-well plate 80, a transfer plate 84, a 
microfluidic array 64, and a reaction Surface 50 that are used, 
in combination, to deliver Samples or reagents from the 
Wells to the reaction Surface through an array of microchan 
nels, as previously described. The transfer plate layer may be 
used to provide a single layer of an assembly that is capable 
of routing all wells to a microarray configuration and a 
reaction SubStrate, or a Subset of the Wells, as the invention 
is not limited in this respect. The transfer plate layer may 
also prevent wells positioned immediately above the glass 
slide from inadvertently interacting directly with the slide. 
0145 The multi-well plate of the assembly may receive 
Samples or reagents from Standard laboratory equipment, in 
many cases through automated procedures. In one embodi 
ment, the multi-Well plate is a docking device described 
herein for simplifying fluid delivery to the transfer plate. The 
transfer plate may then deliver the Samples or reagents to an 
array of microchannels formed in a microfluidic array Such 
as those described herein. In many embodiments, the micro 
channels either deposit Samples onto a reaction Surface or 
pass reagents acroSS previously deposited Samples to per 
form an assay. In other embodiments, the microchannels 
pass Samples acroSS previously deposited reagents on the 
Substrate Surface. In general, different patterns of channels 
can be used to route fluids through the assembly. However, 
many patterns share the following common StepS. Fluid is 
moved from a well in a multi well plate and routed towards 
the transfer plate, Such as through an aperture or orifice in 
the bottom of wells in the multi-well plate. Fluid passes 
through the transfer plate toward the microfluidic array, the 
fluid then passes through the microfluidic array and contacts 
the reaction Substrate. 
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0146 In some illustrative embodiments, the fluid is 
moved through these channels as a result of a preSSure 
differential applied to the fluid. This pressure can be deliv 
ered either in the form of a vacuum administered to the 
underSide of the assembly. Alternatively, positive pressure 
can be applied to the top of the assembly. Still, in Some 
embodiments the pressure differential may be created by a 
combination of applied vacuum and positive pressure. 
0147 In one embodiment, a vacuum may serve a second 
purpose in addition to pulling fluid through the microchan 
nels. The vacuum may provide a Suction force necessary to 
hold the assembly together (i.e. hold the multi well plate to 
the transfer plate, the transfer plate to the microfluidic array, 
and the microfluidic array to the reaction Surface) and 
prevent leaking at the microfluidic array/reaction Surface 
interface. 

0.148. Vacuum systems are common on most high 
throughput Screening robotic handling Stations Such as those 
manufactured by Beckman Coulter. The vacuum is made 
available for filtration operations. In Standard practice, a 
gasket sized to interact with a multi well plate is Stationed 
within reach of the robotic handling equipment. The plate is 
placed on the gasket and a tight Seal is formed. A pump then 
pulls a vacuum on the Space below the plate, establishing a 
preSSure gradient from the atmosphere above, through the 
filtration plate, and into the evacuated chamber. The microf 
luidic process described here operates in a compatible way. 
Instead of Simply filtering, the fluid is routed through 
intentionally designed microfluidic channels. 
0149. However, in some embodiments, a positive pres 
Sure of approximately 2-3 psi may be applied for approxi 
mately 5 minutes to drive reactants into the microfluidic 
channels. For example, in Some embodiments nucleic acid 
probes are forced into dead-ended microfluidic channels to 
contact Surface bound target Samples for hybridization reac 
tions. In these embodiments, a fixture or clamp is used to 
keep the components of the multi-Well assembly together 
(the multi-well plate, the transfer plate, the microfluidic 
array, and the reaction Substrate). 
0150. The Sample Plates 
0151. According to aspects of the invention, a reactant 
Solution may be delivered to an array or transfer plate from 
a Sample plate. A Sample plate may be a multi-Well plate 
Such as one described herein. However, a Sample plate may 
not be required. In other aspects of the invention, one or 
more reactant Solutions may be loaded directly into a 
receiving port or inlet port on a transfer plate or an array 
using a dispenser Such as a pipettor. In Some embodiments, 
a docking interface of the invention may be used to deliver 
one or more Solutions to a transfer plate or an array. The 
multi-well plate illustrated in FIGS. 6 and 7 has a 80 
mmx120 mm footprint with 96 wells arranged in an 8x12 
configuration, the Wells having a 9 mm center-to-center 
distance. However, other Standard multi-Well plate configu 
rations, such as a 384 well, a 1536 well, or any other plate 
configuration, Standard or custom, may be used as the 
invention is not limited in this respect. According to aspects 
of the invention, a multi-Well plate may have one or more 
openings (orifices) towards the bottom of one or more wells. 
In one embodiment, the multi-Well plate also may have one 
or more exhaust through-holes Such as the hole illustrated in 
FIG. 31. Samples or reagents may be deposited into each 
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well of the multi-well plate and Subsequently delivered 
through an orifice 96 in the bottom of each well 78, as shown 
in FIG. 8, to the transfer plate. In some embodiments, a 
multi-Well docking device may be used as described herein. 
In one embodiment, the orifice in each well may be about 0.5 
mm in diameter and is centered in the bottom of the well. 
However, other diameters, cross-sectional shapes, locations 
and sizes may be used as the invention is not limited in this 
respect. 

0152 The sample or reagent may be drawn into the 
transfer plate simply by gravity. Alternatively, other forces 
may assist flow into the transfer plate. In Some embodi 
ments, a vacuum assists or causes the Sample to be pulled 
into the transfer plate. Vacuum Sources may be used to pull 
all Samples or reagents from the multi-Well plate at once, or 
Valve Systems may be devised to pull Samples from Wells 
individually, when desired by a user. In other embodiments, 
a pressure may be applied across the top Surface of the 
multi-Well plate to force the Samples or reagents to the 
transfer plate. AS with embodiments using a vacuum to draw 
Samples into the transfer plate, this can be accomplished for 
the entire multi-Well plate assembly in the aggregate, or it 
may be applied to each well individually as desired. In still 
other embodiments, the Samples or reagents may be moved 
from the multi-well plate and through the assembly by other 
means, Such as with the assistance of a centrifugal force, or 
through electrical forces acting on the Samples or reagents. 
0153. In some embodiments, the orifice is sized such that 
the surface tension of the reactant will prevent it from 
passing to the transfer plate from the well until a force is 
applied to the reactant. In Such embodiments, pressure 
applied from above the Wells or a vacuum applied through 
the transfer plate, or other forces as described above may 
cause movement of the Sample or reagent instead of simply 
assisting its movement into the transfer plate. In other 
embodiments, a pin may be used to break the Surface tension 
of the sample near the orifice of the well and thereby allow 
it to pass through the orifice into the transfer plate. 
0154) The assembly may be provided with a seal (not 
shown) to Seal reactants in the wells before use or in between 
uses. Such a Seal can be an adhesive Seal or other type of 
Seal. In other embodiments, a Seal (not shown) may be 
placed over the top Surface of the multi-Well plate, or over 
the top surfaces of individual wells or sections of wells to 
help retain the Samples or reagents within each well until the 
Seal is removed. These Seals can be useful to prevent fluid 
leakage or evaporation from a multi-Well plate. The Seal can 
include reusable components Such as a plastic or rubber 
Seals that mate with the top Surface of the multi-Well plate, 
or disposable components Such as foil that adhere to the top 
Surface of the multi-Well plate or other devices, as the 
invention is not limited in this respect. 
O155 The ability to seal samples or reagents within a 
multi-well plate allows the multi-well plate to be provided 
prepackaged with Samples or reagents. It may be desirable 
to perform an assay against a known Sample, for experi 
mental control or other reasons. Also, it may be desirable to 
provide a multi-Well plate with a predetermined combination 
of reagents, Such as probes, for a common type of assay. To 
this end, having the ability to Seal contents within the 
multi-wells allows a multi-well plate to be provided ready to 
mate with a transfer plate and/or reaction Substrate to 
perform an assay. 
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0156 The multi-well plate is preferably injection molded 
out of plastic material and can be molded with the orifices 
in each well, or they may Subsequently be added by drilling, 
punching or other known manufacturing processes. 

O157 The Transfer Plate 
0158. The transfer plate of the multi-well assembly deliv 
erS reactants from a multi-Well plate designed to interface 
with conventional laboratory equipment to a reaction Surface 
that maximizes assay reaction density. Multi-Well plates, 
whether they are Standard configurations, Such as a 96 well, 
384 well, 1536 well configuration or a custom configuration, 
are generally adapted to interface with conventional labo 
ratory equipment. The microfluidic array, as previously 
described, allows many assays to be produced within a very 
Small area of a reaction Surface. The transfer plate provides 
an interface between the macro-Scale multi-Well plate and 
the micro-Scale microfluidic array, without adversely 
impacting the efficiency associated with conventional labo 
ratory equipment. 

0159. To deliver reactants from a macro-scale environ 
ment to a micro-Scale environment, the transfer plate, as 
depicted in FIGS. 10, 13, and 31 first accepts each reactant 
through the orifice in each well and into the first receiving 
end 98 of a transfer channel 88. In the illustrations, the 
transfer channels and the channel receiving ends, marked 
with a cruciform in the drawings, have the same croSS 
Sectional dimensions. However, in other embodiments, a 
channel receiving end may include a larger cross-sectional 
area to help insure fluid communication with the orifice in 
each of the multi-Wells. In particular, having a receiving end 
of a larger area may make the design more tolerant to 
manufacturing variability in the location of the orifice of 
each well, or to the location of the receiving end of each 
channel. The receiving end of each channel may include a 
through hole or a blind hole. However, blind holes are 
preferred, at least for channel ends that will be placed 
directly above the microfluidic array. Using through holes in 
Such areas may result in leakage near the microchannels of 
the microfluidic array. 

0160 The channels of the transfer plate may follow any 
path from each of the receiving ends to each of their 
respective transfer ports 102 at the opposite end of each 
transfer channel, which are used to transfer the reactant to 
the microfluidic array. FIGS. 10 and 13 show a top view of 
a transfer plate. It should be appreciated that the receiving 
end 98 is open to the upper surface of the transfer plate, 
whereas the transfer port 102 is open to the lower surface of 
the transfer plate. The transfer channel may connect the 
receiving end to the transfer port following any Suitable path 
Such as those described herein. In Some embodiments the 
channels may be Standard lengths, to the extent possible. 
Matching the length of each of the channels may generally 
provide every reactant with a similar distance to travel. This 
may be preferred in Some assays in order to provide con 
Sistent test conditions for each reaction. In other embodi 
ments, channels that have a shorter length may be restricted 
in Some other manner to help equalize the time it takes a 
given reactant to flow through a channel. Reducing the croSS 
Sectional area of a portion of a channel, or an entire length 
of a channel, is one way to create Such a restriction. In one 
embodiment, the transfer channel(s) may be enclosed within 
the transfer plate. In another embodiment, the transfer 
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channel(s) may include an open channel on the upper 
Surface of the transfer plate that is closed when the Sample 
plate (e.g., multi-well plate) is placed on top of the transfer 
plate. In yet another embodiment, the transfer channel(s) 
may be located on the bottom of the Sample plate. Accord 
ingly, in one embodiment, the Sample plate and or transfer 
plate are made of a Suitable material and design to form a 
Seal when the Sample plate is placed on the transfer plate. In 
one embodiment, the Sample plate has a flat or Substantially 
flat lower Surface. In one embodiment, the transfer chan 
nel(s) may be 100 microns deep by 100 microns wide. 
However, other sizes may be used. 
0.161 It is also preferable to direct all of the channels 
Such that their transfer ports exist in two separate groups 
having an unoccupied Space located between the two Sepa 
rate groupS. Such arrangements present an efficient arrange 
ment of transfer ports and corresponding inlet ports on the 
microfluidic array. The unoccupied Space between the areas 
also may be an efficient Spot to locate exhaust channels or 
ports 76, as shown in FIG. 10. However, exhaust channels 
or ports also can be located at other positions on the transfer 
plate, or even in other portions of the assembly, Such as on 
the microfluidic array. 
0162. In one embodiment, exhaust channels are included 
in the transfer plate of FIG. 10 for receiving reactants (e.g. 
Samples or reagents) once they have passed through the 
microfluidic array shown in FIG. 11. It should be appreci 
ated that the microfluidic array is shown through a top view 
and that the inlet ports are open to the upper Surface of the 
array and connect through the array to the channels that are 
on the lower Surface of the array. Similarly, the exhaust ports 
connect the channels on the lower Surface of the array to the 
upper Surface of the array. The microfluidic array shown in 
FIG. 11 also may be referred to as a print head, because it 
may be used to print an array of reactants (e.g. Samples or 
reagents) on a reaction Surface. In operation, reactant Solu 
tions are flowed through the microfluidic array, across the 
reaction Surface, and into the exhaust channels as discussed 
herein. FIG. 9 shows a top view of the transfer plate of FIG. 
10 positioned over the array of FIG. 11 with the transfer 
ports of the transfer plate aligned with the inlet ports of the 
array and the exhaust channels/ports of the array aligned 
with the exhaust channels/ports of the transfer plate. The 
exhaust channels may comprise a single, common channel 
having one return port in communication with the entire 
plurality of microchannels in the microfluidic array, a plu 
rality of individual microchannels each in communication 
with an independent exhaust channel at their own respective 
return port, or any combination of microchannels in fluid 
communication with any group of exhaust channels. 
0163 The exhaust channels shown in FIG. 10 terminate 
in a common, main exhaust port that extends from the 
transfer plate, through the microfluidic array and out of the 
assembly. This exhaust port may be placed in fluid commu 
nication with a vacuum pump to pull reactant through the 
assembly, alone or in combination with other means for 
directing reactant through the System. In particular, assem 
blies having Such a main exhaust port on their bottom 
Surface can be placed over a vacuum block to provide a 
Suction force for moving the reactant through the channels 
of the assembly. In other embodiments, particularly where 
the reactants are driven through the assembly by preSSure 
applied over the top of the multi-Well plate, the main exhaust 
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port may serve only as passive exhaust for used Samples and 
reagents. Although the exhaust port is shown extending out 
of the bottom surface of the assembly, other embodiments 
may have an exhaust port located in other positions as the 
invention is not limited in this respect. In one embodiment, 
one or more common exhaust ports may connect to the 
exhaust channel(s) and extend through to the upper Surface 
of the array, through the transfer plate and through the 
Sample plate. Such exhaust port(s) also may serve as a 
passive or active exhaust (e.g., a vacuum may be applied to 
the exhaust port(s)). 

0164. In contrast, the transfer plate shown in FIG. 13 
does not includes an exhaust channel. The transfer plate of 
FIG. 13 may be used in conjunction with a microfluidic 
array containing dead-end microfluidic channels 77, Such as 
the microfluidic array of FIG. 14. Such a microfluidic array 
may also be referred to as a hybridization head, because it 
may be useful to deliver a plurality of reactant Solutions to 
a reaction Surface that already contains immobilized 
reagents. In most of Such embodiments, a positive preSSure 
force is applied to the top of the multi-well assembly. This 
positive force drives air and the sample or reagent through 
the Wells, into and through the transfer plate, into microf 
luidic array where the channels come to a dead end. The 
fluid, typically air, that is trapped and compressed as the 
reactant is pushed through the assembly escapes by diffusion 
into the porous walls of the channel. In other embodiments 
using dead end flow, the exhaust channels may be length 
ened or shortened to alter the flow characteristics of the 
assembly. Embodiments having longer channels down 
Stream of the microfluidic array will generally allow more 
driving fluid, Such as air, to drive Sample or reagent through 
the microfluidic array. 

0.165. The transfer channels and exhaust channels of the 
transfer plates depicted in the drawings may be about 50 
micronsX10 microns and have about a 500 Square micron 
croSS Section, although in other embodiments the channels 
may have other croSS Sectional shapes, dimensions or mini 
mum spacing between channels as the invention is not 
limited in this respect. 

0166 The transfer plate may be provided to receive 
reactants from a multi-Well plate and to deliver them to a 
microfluidic array. The transfer plate may also provide a 
convenient location for an exhaust port. AS Such, the transfer 
plate may comprise a different design that accomplishes one 
or more of these effects. 

0167 The transfer plate, in some embodiments, is manu 
factured of polyurethane or PDMS and may be made 
through a Soft lithography process. Preferred materials are 
generally inert and thus do not interfere with the Samples or 
reagents or their passage through channels in the transfer 
plate. These materials may also have natural porosity levels 
that are Suitable for embodiments that use the dead end flow 
technique described above. Additionally, these materials are 
typically Soft enough to form an Sufficient Seal between the 
microfluidic array and the multi-Well plate obviating the 
need for an additional Sealing material to be included in the 
assembly, although Some embodiments may include Sealing 
material to improve the Seal between any of the components 
of the assembly. 
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0168 Although soft lithography may be used, other 
manufacturing processes also may be used and may present 
certain advantages for certain uses. Photolithography tech 
niques may be employed to manufacture transfer plates. 
Additionally, for Some embodiments, particularly those 
employing transfer channels of larger dimensions, other 
manufacturing processes may be employed, Such as machin 
ing. Other techniques may include Standard plastic molding 
techniques Such as those used to mold diffraction gratings 
Plastic molding techniques may include poured molding 
and/or injection molding techniques. Molds may be etched 
or formed using any technique as the invention is not limited 
in this manner. It should be appreciated that any of the 
materials and manufacturing techniques described herein 
may be used for any of the aspects of the invention, 
including, but not limited to, a reaction Substrate, a microf 
luidic array (e.g., a print head or a hybridization head), a 
transfer plate, a reactant Solution reservoir, a docking device, 
a Sample plate or other component of the invention. 
0169. The transfer plate depicted in the figures may be a 
Separate component of the multi-Well assembly that fits into 
a cavity in the bottom of the multi-well plate. Although not 
shown, the transfer plate may have registration features, 
Similar to the truncated corner of the multi-Well plate, that 
help a user assemble the device properly. In addition to 
registration features like the truncated corner that helps 
orient the transfer plate in the correct rotational position, the 
interface between the transfer plate and the multi-Well plate 
also may include registration features that insure the top side 
of the transfer plate (and not the bottom side) is assembled 
against the bottom Side of the multi-Well plate. 
0170 Asample or reagent plate such as a multi well plate 
may be made of hard plastic Such as polystyrene, polycar 
bonate, or polypropylene. In Some embodiments, the lower 
surface of the multi-well plate can be embossed or otherwise 
modified to have an array of channels adapted to connect to 
the microfluidic array. This may eliminate the need for a 
Separate transfer plate in Some embodiments. 
0171 The Microfluidic Arrays 
0172 Microfluidic arrays of the assembly include the 
print heads and hybridization heads described above. The 
microfluidic array shown in FIG. 11 may be a print head 
adapted to return reactants or driving fluids back to the 
transfer plate for exhausting. However, in Some embodi 
ments, the print head may contain a direct exhaust, as the 
invention is not limited in this respect. Still, in other embodi 
ments Some features of the microfluidic array may be 
included in the transfer plate. However, to Simplify manu 
facturing in Some embodiments, it may be preferred to make 
the transfer plate and microfluidic array as Separate compo 
nentS. 

0173 The microfluidic array shown in FIG. 11 may be 
used as a print head for depositing Sample onto a reaction 
surface, while the microfluidic array shown in FIG. 14 may 
be used as a reagent head or hybridization head for passing 
reagents transversely over previously deposited Samples. 
Thus, in operation, the microchannels shows in FIGS. 11 
and 14 run in directions that are perpendicular to one 
another to allow the previously discussed assay matrix to be 
formed on a reaction Surface without changing the relative 
position of any of the other components of the assembly. 
However, either of these arrays may be used for either 
printing or reaction procedures. 
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0.174. Like the transfer plate, the microfluidic array may 
be sized to fit within the cavity on the underside of the 
multi-Well plate, along with the transfer plate. In one 
embodiment, the bottom surface of the microfluidic array 
may be flush with the bottom surface of the multi-well plate 
when assembled. In Such embodiments, an exhaust port on 
the bottom Surface of the microfluidic array may be config 
ured to readily Seal with a vacuum block placed beneath the 
assembly. 

0175 Although not shown, some embodiments may 
include a receSS in the bottom Surface of the microfluidic 
array for accepting a Standard, glass or Silicon test Slide as 
a reaction Surface/Substrate. In these embodiments, the reac 
tion Surface and other components of the assembly may be 
placed flush against a vacuum plate to create a Seal between 
any exhaust port on the microfluidic array and to Support the 
slide and the other components of the assembly with only the 
flat Surface of the vacuum plate. In other embodiments, two 
different recesses may be formed in the bottom surface of the 
microfluidic array to accept a Slide in a first position for 
depositing Samples on the Slide, and in a Second position for 
running reagent across the Samples in a transverse direction. 
Like the interfaces between the transfer plate and the multi 
well plate, the interface between the reaction Surface and the 
microfluidic array may have registration features that only 
allow the reaction Surface and the microfluidic array to be 
interfaced in proper orientations. Such registration features 
may include a truncated corner or corners, one or more pins, 
ridges, or grooves, or any other features that help guide the 
interface between the microfluidic array and the reaction 
Surface, as the invention is not limited in this respect. 

0176). In one embodiment, the microfluidic array may be 
bonded to the transfer plate to ensure proper alignment 
between the transfer ports of each component. In another 
embodiment, the multi-well plate may be bonded to the 
transfer plate and the transfer plate may be bonded to the 
microfluidic array to form a single transfer System. These 
components can be permanently joined, bonded, Sealed, or 
affixed using known manufacturing methods. Alternatively, 
any combination of these components may be temporarily 
bonded So that they may be provided to an operator in a 
preassembled form at with the appropriate holes Suitably 
registered. After use, an operator may remove the reaction 
Substrate and process it to detect any reaction signals of 
interest. 

0177. However, in other embodiments, the transfer plate 
and the microfluidic array may be separate components. AS 
with other components of the assembly, the transfer plate 
and the microfluidic array may include features that help 
align them with respect to one another. Such features can 
include one or more alignment pins, ridges, or grooves, or 
other features as the invention is not limited in this respect. 
0.178 The microfluidic array may be made of polyure 
thane or PDMS material and may be made through a soft 
lithography process associated with Such materials. These 
materials are generally chemically and energetically inert 
with respect to the Samples and reagents that pass through 
the microfluidic array, which may be preferred. Additionally, 
when the microfluidic array is used in combination with a 
glass or Silicon reaction Surface, like most Standard Slides, 
the energetic attraction between Samples or reagents and the 
reaction Surface may not be disturbed. 
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0179. In some embodiments, the microfluidic channels in 
a microfluidic device may be organized into two Subsets that 
flow in opposite directions in parallel paths. This is illus 
trated in FIG. 14 where half of the channels flow in one 
direction and the other half flow in the other direction. In this 
configuration, half of the channels are arranged in a Single 
central bundle that flows in one direction. This central 
bundle is intercalated between two outerbundles of channels 
that flow in the opposite direction from the channels in the 
central bundle. This configuration and Similar configurations 
involving Subsets of channels flowing in opposite directions 
(see for example FIG. 11) are used to fit a large number of 
channels connected to a two-dimensional array of Sample 
Wells onto a relatively Small Surface. However, any configu 
ration of microfluidic channels and/or transfer plate may be 
used as the invention is not limited in this respect. Other 
illustrative configurations are shown in FIGS. 30a-30d. 
0180. The invention therefore provides a relatively inex 
pensive platform that can be adapted to fit existing auto 
mated equipment and that can be used to perform large 
numbers of assayS. The automation platform needed to use 
the microfluidic systems of the invention may be similar to 
the complexity of a microarray printer which consists of 
plate hotels, a robotic manipulator, and a flatbed that holds 
the glass slides. Detection of hybridization events may be 
possible using a Standard microarray reader, Similar to that 
used for detecting the labeled probes in the Examples. 
Standard glass microscope slides can hold 1 of 1536 lines by 
3 of 1536 lines, where the channels are 10-microns in 
diameter. This may provide for 7 million spots per slide, that 
can be autoloaded from just 4 of 1536 well multi well plates. 
Furthermore, both Samples and probes can be presented to 
the array of microfluidic channels using Standard multi 
pipettors, drawing Samples from Standard multi well plates. 
However, customized equipment also may be developed and 
used in certain aspects of the invention. 
0181 Interface/Docking Device 

0182. Other aspects of the invention are directed to 
improving the interface between an assembly (e.g., a microf 
luidic array alone, or a microfluidic array associated with a 
transfer plate) of the invention and laboratory equipment, 
Such as pipettes or multi-pipettors, pipette tips, deposition 
needles, or multi-Well plates. AS is to be appreciated, the 
Small Volume of reactants that are deposited into Wells of a 
multi-Well plate may exhibit relatively strong Surface ten 
Sion characteristics. Such characteristics may allow the 
reactant to adhere to a Side wall of a Sample well, or another 
portion of the sample well other than the aperture in fluid 
communication with the microarray (optionally via a trans 
fer plate). In this regard, the reactant may not pass toward 
the microarray, but rather remain within the well. As is to be 
appreciated, this is not a desirable trait in many embodi 
mentS. 

0183) To address such issues, attempts have been made to 
precisely position the multi-Well plate with respect to 
pipettes or other dispensing instruments prior to reactant 
being dispensed into the Wells. However, Such techniques 
are not always effective at guiding reactant to a well, or to 
a desired position within the well, particularly where hand 
dispensing techniques are used. The reactants, when using 
these techniques, tend to either stay on the tip of the 
dispensor or stay on the walls of the Sample well, never 
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reaching the target within the well, Such as the previously 
described orifice. Additionally, techniques used in the prior 
art may have difficulty dispensing the reactant to the well 
without motion of the dispenser 104 or direct contact with a 
Sidewall of a well. These aspects of dispensing may allow 
the dispensed reactant to miss a target within the well. 
Accordingly, Such techniques may not be Suitable for Some 
applications of the invention where a Small amount of 
solution is to be delivered to a microfluidic array either 
directly or using a transfer plate according to aspects of the 
invention. 

0184 As illustrated in FIGS. 23 and 24, one embodi 
ment of the invention includes a docking interface 82 that 
may facilitate delivery of reactant solutions 88 from wells 78 
of a multi-Well plate, either directly into microfluidic chan 
nels of an array (optionally into channels of a transfer plate 
that is in fluid communication with the array). AS illustrated, 
the interface may include a guide plate containing one or 
more guides 106 adapted to align a tip of a dispenser 104, 
Such as a pipette, with a target in a well, Such as an orifice 
at the bottom of the well. In some embodiments, the guide 
may be the walls of the well. In other embodiments, the 
walls of each well in a multi-well plate may be adapted for 
guiding a dispenser tip to an opening at the bottom of the 
well. In other embodiments, an adaptor may be provided to 
more precisely guide each dispenser tip. The interface may 
also include a retainer 108 to hold the dispenser tip in 
alignment with the target when the reactant is dispensed 
toward the target. According to aspects of the invention, the 
target may be a receiving or inlet channel or port in either a 
transfer plate or a channel array. 
0185. The guide plate shown in the illustrated embodi 
ment includes funnel shaped portions that share a common 
center-to-center spacing with Wells of a mating multi-pipet 
tor. Each of the funnel shaped guides may be used to guide 
a dispenser accordingly. AS is to be appreciated, in Some 
embodiments the guide plate may include the Same number 
of funnel shaped portions as the number of tips on a 
one-dimensional or two-dimensional pipettor. However, the 
invention is not limited in this respect, as the guide plate may 
have any number of individual guiding elements, Such as 
fewer than a multi-pipettor or multi-well plate. It should be 
appreciated that the guide plate may include any number of 
guides (from 1 to several thousand). The guides may be 
aligned in a Single dimensional array adapted to receive and 
guide the tips of a one-dimensional multipipettor (e.g., 4, 6, 
8, 12, 16, 32, or other number of tips). The guides may be 
aligned in a two-dimensional array adapted to receive and 
guide the tips of a two-dimensional multipipettor (e.g., 64, 
96, 384, etc.). 
0186. In one illustrative embodiment, the guide plate 
mates with an upper Surface of a transfer plate having 
channels that direct reactants toward a channel array that 
may be mated with the lower surface of the transfer plate. In 
another embodiment, the guide plate mates directly with the 
upper Surface of a channel array (the Surface that is opposite 
the channel presenting Surface of the array). By way of 
example, FIGS. 26 and 27 each show a plate that may be 
used with an interface device to direct reactant directly to a 
microfluidic channel used to deposit reactant onto a reaction 
Surface or to flow reactant over previously deposited reac 
tant to perform an assay. FIG. 28 shows an overlay of the 
plates of FIGS. 26 and 27 showing how they overlap in a 
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particular Zone where interaction Surfaces or contact points 
are created. FIG. 29 shows a top view of an embodiment of 
an array with 96 inlet ports 73 on an upper Surface connected 
to an array of open channels on a lower Surface. In this 
embodiment, the arrangement and spacing of the inlet ports 
would not accommodate a delivery device Such as a multi 
pipettor. Accordingly, this array should be used with a 
transfer plate. 
0187. The guide plate may mate with a transfer plate or 
channel array in a variety of different manners. In one 
embodiment, the guide plate is adapted to be clamped 
against a channel array (such as the embodiment of FIG.25, 
which is shown held within a clamping fixture) while in 
other embodiments the guide plate may be designed to Sit on 
top of a channel array or transfer plate without the assistance 
of any mechanical clamps. In one embodiment, the guide is 
immobilized on the underlying plate or array by applying a 
vacuum (this may be the same vacuum that is used to draw 
reactant Solution into the channels in Some embodiments). In 
Some embodiments, the guide plate may mate directly to the 
underlying device while in other embodiments, the guide 
plate and the multi-Well plate may be separated by other 
components, Such as a Seal, as is described in greater detail 
below. Still Some embodiments may incorporate alignment 
features between the guide plate and the attached device(s) 
to insure proper assembly. These alignment features may 
include alignment pins, notches, matching truncated corners, 
or other features as the invention is not limited in this regard. 
0188 In one illustrative embodiment, a seal may be 
disposed between the guide plate and the device to Seal the 
tip(s) of installed pipettes against the ambient atmosphere. 
In other embodiments, the Seal may provide a Sealed pas 
Sageway that helps direct reactant within the dispenser 
toward the target channel or inlet. Still, in Some embodi 
ments, the Seal may allow the contents of the dispenser to be 
drawn toward the target by the application of a differential 
preSSure at the tip of the dispenser. By Sealing the passage 
way against ambient atmosphere, Substantial leaks into the 
well and/or other portions of the fluidic connection may be 
prevented, thus allowing the Sample to be efficiently drawn 
in toward the target (e.g., using a vacuum or by applying 
positive pressure). In embodiments where the guide plate 
and Seal mate directly with a transfer plate or array of 
microchannels, the passageway may include an enlarged 
area on its mating Side that helps ensure engagement with 
channel of the transfer plate or an inlet port of a channel in 
an array. Alternatively, or in addition, an enlarged area may 
be included around the inlet hole or channel on the Surface 
of the transfer plate or microchannel array that is in contact 
with the orifice(s) in the guide plate (or that is in contact with 
the orifices in the Seal). 
0189 In some embodiments, the retainer may act as the 
Seal. Accordingly, in one embodiment, a guide plate may 
include a guide and a retainer that acts as a Seal, with no 
Separate retainer. In one illustrative embodiment, the Seal 
comprises a sheet of compliant material that may be placed 
between a guide plate and a device. Here, the Seal may 
include a plurality of through holes, each aligned with a 
target in a corresponding well of a guide plate Such as a 
multi-well guide plate of the invention. The holes have 
diameters sized to accept dispensers commonly used in 
laboratory automation, and may be sized to provide an 
interference fit between with the dispensers to effect the seal 
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there between. AS is to be appreciated, the Seal is not limited 
to be a sheet of material as described in with respect to this 
embodiment, as the Seal may be configured in other manners 
as those of skill will appreciate. For example, the Seal may 
have features that align it with either the guide plate or the 
underlying device. The holes within the Seal may include 
other features, Such as a counter bore on the well side of the 
seal to allow for better aspiration of reactant. Still, other 
embodiments may be adapted to mate with only a portion of 
a guide plate instead of the entire plate. In Some embodi 
ments, the Seal may be adapted to reside in a Seal groove of 
a guide plate, while in other embodiments, the guide plate 
and the Seal may be a unitary element. 

0190. As previously mentioned, the interface may 
include features to retain the dispenser in alignment with a 
target in a corresponding well. In Some embodiments, the 
compliance of the Seal itself may hold a dispenser in 
alignment with the target. In Some embodiments, a pipette 
tip may be lodged by the lab equipment within portions of 
the seal that are associated with a first Subset of the wells, the 
lab equipment may then be used to lodge additional Subsets 
of pipette tips within the Seal until all Seals are filled. 
Differential preSSure, Such as a vacuum, may then be applied 
to the device to Simultaneously draw reactants from all of the 
tips into corresponding targets of the Wells. 

0191 The various components of the interface may be 
made of any materials know to those of skill. In one 
embodiment, the Seal is made of a compliant material, Such 
as silicone, RTV, or PDMS. In one embodiment, the guide 
plate is made of a plastic, Such as polypropylene, nylon, or 
ABS plastic, to name a few non-limiting examples. Addi 
tionally, components of the interface may be manufactured 
through any procedure known to those of skill, including but 
not limited to, injection molding, Soft lithography, machin 
ing, and any other Suitable forming process as aspects of the 
invention are not limited in this regard. 

0192 Improved Reaction Time 

0193 As mentioned herein, traditional microarray sys 
tems involve immobilizing reagents onto glass slides by 
depositing droplets of solution filled with DNA on the 
surface and letting the droplet dry to leave behind the DNA. 
In such scenarios, the amount of DNA deposited on the 
surface may be equal to the amount of DNA that was in the 
droplet. 

0194 In one illustrative embodiment of the invention, 
each hybridized probe may be exposed to a significant 
portion of the sample (e.g., up to 100% of the sample), 
which may result in a much faster hybridization time-in 
Some cases nearly instantaneous. It is to be understood that 
the concepts may apply equally as well to other reactions, 
Such as protein-protein interactions or other reactant inter 
actions, as aspects of the present invention are not limited to 
hybridization reactions alone. The improved reaction times 
may by accomplished with a microfluidic channel, like those 
of the microfluidic array in combination with a reaction 
Substrate having immobilized reactant thereon, as discussed 
herein. The channel may be placed over immobilized 
reagent, Such that the width of immobilized reagent on the 
reaction Substrate is from 20% to 100% of the width of the 
channel. 
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0.195 AS sample is flowed though the channel and over 
the immobilized reagent, each of the targets contained 
within the flowing Sample are Sequentially brought close to 
the immobilized reagent, within at most the height of the 
channel, measured vertically from the reaction Surface. This 
may allow a majority, if not all the DNA targets in the 
sample to diffuse a very short distance to hybridize to the 
reagent of the reaction Substrate. In this regard, Substantially 
increasing the number of hybridizations that occur. Similar 
results may be accomplished for reactions other than hybrid 
ization reactions. This, in turn, may increase the detectability 
of the Signal resulting from the hybridization, which may 
improve the accuracy and quality of the assay being per 
formed. For Small channels with croSS Sectional distances in 
the 10 micron range, the amount of target that can diffuse to 
the wall may be approximately 20% or more of that which 
is contained in the flowing sample. This may be 200 times 
the fraction of the Sample targets that may be hybridized or 
even reached by corresponding reagents in conventional, 
Stationary diffusion techniques. By way of example, a 
Sample Volume of approximately 1 microliter may be passed 
through a microchannel and exposed to an immobilized 
reagent, Such as a probe, in approximately 5 minutes, Versus 
the typical 10 hour exposure of techniques used in Stationary 
hybridization techniques. As a result, the increased hybrid 
ization signal may be 200 times Stronger than a non-flowing 
Sample exposed to the same spotted probe for approximately 
10 hours. 

0196. In one illustrative embodiment, the channel may be 
arranged Such that the sample flows over Sequential Spots of 
immobilized reagent on the Surface of the reaction Substrate, 
where each spot contains a different type of probe. Here, 
each spot may experience the same high target DNA diffu 
Sion rate from the flowing Sample. 

0197). In one illustrative embodiment, the microfluidic 
channels used may be from 0.01 to 0.02 mm high by 
approximately 0.04 mm wide. The sample velocity may be 
about 0.4 centimeters per second. Total flow times for either 
printing reagent onto a reaction Surface or hybridizing 
sample DNA with the immobilized reagent may be between 
3 and 5 minutes for a sample volume of about 500 nanoliters 
delivered to the reaction Substrate. In Some embodiments, 
the ability to identify 10 picomole concentrations of a 
Specific target in a Sample where other targets were present 
in the sample is possible. Here selective detection of 100 
picomolar and 10 picomolar concentrations may be accom 
plished. 

0198 AS is to be appreciated, when the concentration of 
a known analyte in a Sample Volume is measured, a general 
goal may be to obtain high measurement Sensitivity using 
reasonable sized Sample Volumes. That is, it may be desir 
able to detect and quantify the Smallest concentrations of 
Specific analytes in Samples that are as Small in Volume as 
practicable. In many Scenarios, only Small Volumes may be 
available, and it may be necessary to have instruments as 
efficient as possible to be capable of detecting these Small 
concentrations. Alternatively, larger Samples may be con 
centrated by removing water, thus increasing the concentra 
tions of the analytes and better enabling the instrument to 
detect them. Also, the cost of processing a Sample for 
measurement may be high, and reduced Sample Volumes 
may be leSS costly to process. 
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0199. In one illustrative embodiment of a biologic 
hybridization device, a camera is focused on a spot where 
hybridization between Sample and reagent may have 
occurred to measure the Signal intensity over an analytical 
portion of a Substrate. This signal intensity may directly 
related to the number of labeled Sample targets per unit area 
that hybridize to a complimentary immobilized reagent (e.g., 
probes) that are a reaction Surface. The Detection Efficiency 
of a hybridization device may be described as proportional 
to the number of Sample labels per unit area that are 
hybridized to a reagent, divided by the total number of 
targets that are available for hybridization with the reagent 
in the Sample Volume. AS is to be appreciated, it may be 
desirable to have a higher detection efficiency to improve the 
quality and timeliness of assays that are performed with the 
instrument. High detection Sensitivity may be reached when 
all the available labeled targets in the Sample Volume are 
concentrated on the Smallest possible probe Surface area that 
can be measured by the instrument camera. 
0200. It is to be appreciated that, for a sample that flows 
through a hybridization device, the number of labels hybrid 
ized to a probe in the device may be equal to the change in 
label concentration of the Sample as it flows through the 
device. The total number of labels that are available to 
hybridize is equal to the total concentration of the sample, 
Such that the Detection Efficiency may be expressed as 
shown by Eq. 1 below: 

DE=(Ci-Co)/(Ci Ah) Eq. 1. 

0201 Where: 
0202 Ci and Co equal the inlet and exit concen 
trations of reactant (e.g., 1 labeled target), respec 
tively, and 

0203 Ah equals the hybridization probe area 
0204 Detection Efficiency may be measured for a given 
device where the entering and exiting concentrations of label 
are measured. For Similar devices having Similar mass 
transfer characteristics, Such as channels with probes printed 
on the bottom of the channel, it may be appreciated that the 
channel with the Smallest printed hybridization Surface area 
may have the a higher efficiency. For example, one channel 
with half the width of a second channel may have twice the 
Detection Efficiency. In this regard, the narrower device may 
have twice the Sensitivity to detect Smaller concentrations of 
target in Similar Sample Volumes, or the narrower device can 
be used with half the Sample sizes to achieve the same 
concentration detection Sensitivity. 
0205. In one illustrative embodiment of a substantially 
Straight microfluidic channel, the Detection Efficiency may 
be closely approximated by Eq. 2 below. 

DE=1.8/wx(x/d)/(ReSc))’ Eq. 2 

0206 Where: 
0207 d and w are the height and width of the 
channel, respectively 

0208 X and w are the length and width of the 
immobilized reagent, respectively 

0209 Re is the Reynolds number based on chan 
nel height, and 

0210 Sc is the Schmidt number. 
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0211. According to aspects of the invention, the removal 
efficiency, RE, is equal to the fraction of labels removed 
from the sample volume as it flows through the microfluidic 
device. These labels may be removed from the sample 
because they hybridize to an immobilized probe area. The 
Detection Efficiency, DE, is the RE divided by the area of the 
immobilized reactant. 

0212. The actual intensity measured by a microarray 
reader is proportional to the number of hybridized labeled 
targets per unit area of hybridization probe area, or the L/A, 
as described in equation 3: 

L|A flow-DE(V Sample)(Ci) Eq. 3 

0213 Where V sample is the total volume of sample 
drawn through the microfluidic device, Ci is the inlet con 
centration of reactant. 

0214) This equation demonstrates that the strongest Sig 
nal is detected when DE is the largest. It also shows that for 
a given microfluidic device resulting in a specific DE, and a 
given minimum L/A that can be detected by a microarray 
reader, the product of V Sample and the concentration of the 
unknown target in the Sample is equal to a constant. There 
fore either more Sample Volume can be used to detect a 
weaker concentration of Sample target, or leSS Sample Vol 
ume can be used to detect a stronger concentration of a 
Sample target. In one aspect of the invention, a DE (DE= 
RE/area of reaction) is greater than 125, preferably greater 
than 200; more preferably greater than 500, more preferable 
greater than 1,000, more preferably greater than 2,500, and 
more preferably greater than 5,000 microns'. A high DE 
may be achieved by using Small deposition and reaction 
channels. For example, channel widths (for either deposition 
methods, reaction methods, or a combination thereof) may 
be less than 100, preferably less than 50, more preferably 
less than 10, and more preferably less than 5 microns. 
Similarly, channel depths may be less than 100, preferably 
less than 50, more preferably less than 10, and more pref 
erably less than 5 microns. 
0215. It should be appreciated that combinations of one 
or more devices or Structures described herein may be 
assembled from individual devices or Structures and pro 
Vided as an assembly. However, in other aspects, combina 
tions of one or more devices or Structures may be provided 
as a Single component device or structure. Also, in Some 
embodiments a device or Structure may be provided alone or 
together with one or more other devices or Structures. In one 
embodiment, one or more Surfaces of a device or structure 
(e.g., a Sample plate Surface, a transfer plate Surface, a 
channel array Surface, or a reaction Substrate Surface may be 
provided with a protective layer Such as a tape that can be 
peeled off before use. This may protect the surface from dust 
and other contaminants before use. 

0216) In operation, one or more devices, structures, or 
assemblies may be incorporated into or used with an auto 
mated Solution processing device and/or Signal detection 
device, including, but not limited to, those described herein. 
It should be appreciated that the orientation of the devices or 
Structures with respect to the operator or other apparatus is 
not important, provided that the relative orientation of the 
Surfaces is Suited for appropriate operation. Accordingly, the 
terms upper and lower Surfaces are used herein for conve 
nience to indicate the relative orientation of the Surfaces 
described. 
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0217. In one aspect, through-holes connecting the inlets, 
outlets, transfer, exhaust and or other ports of the different 
Structures may be of approximately the Same size to assist in 
aligning the fluid connections between the different Struc 
tures. AS discussed herein, the ends of through holes may be 
enlarged to make registration easier. In one embodiment, a 
through-hole may be approximately 0.5 mm or 1 mm in 
diameter. However, the diameter of a through-hole may 
range from about 0.1 mm to about 5 mm. Of course, other 
diameters, including Smaller or larger diameters may be 
used. 

0218 Applications 
0219 Methods and devices of the invention are generally 
applicable to any situation where a Small Volume of Sample 
is added to a Surface. Aspects of the invention are useful for 
depositing large numbers of Samples on a Surface, particu 
larly when the Samples are to be deposited over a Small 
Surface area. Aspects of the invention also are useful to Set 
up a matrix of reactions by exposing lines of mobile reac 
tants to lines of immobilized reactants on a reaction Surface. 

0220 Biological Applications. 
0221) Systems and methods of the invention enable sev 
eral novel approaches to multiplexing biological assays that 
were not available from conventional microarray or micro 
titer plate based approaches. These approaches can signifi 
cantly reduce the amount of time and reagents required for 
large numbers of biological assays, thereby providing Sig 
nificant cost Savings. In one embodiment, aspects of the 
invention may be used to bring one or more detection 
moieties into contact with one or more potential targets. This 
is illustrated by the examples of nucleic acid detection 
assays described herein. In one embodiment, aspects of the 
invention may be used to mix reagents for a biological or 
chemical reaction. For example, different reaction compo 
nents (e.g. enzymes, Substrates, and/or other reagents) may 
be mixed according to the invention. In one embodiment, 
one or more PCR and/or other amplification primer(s) may 
be mixed with Substrate nucleic acid. Depending on the 
configuration of the assay, either the Substrate nucleic acid 
or the primer(s) may be immobilized. 
0222 Aspects of the invention are helpful in the molecu 
lar classification of genetic diseases by providing Standard 
testing for known molecular diseases at a relatively low cost. 
0223 Aspects of the invention also provide inexpensive 
multi-probe detection assays for novel unknown patient 
Specific molecular diseaseS Such as micro-deletions. 
0224 Aspects of the invention also are useful in the early 
detection of illness, such as the detection of LOH or poly 
ploidy in cancer. Many different tissues from the same 
patient or from many different patients can be tested Simul 
taneously to increase detection Sensitivity or lower cost. 
Rare individual cancerous cells can be detected in a field of 
many normal cells, and the affected tissues can be identified 
to enable early intervention. 
0225. Aspects of the invention can be used to simulta 
neously perform immunoassays for many analytes in many 
Samples. 

0226 Aspects of the invention can be used to perform 
very fast hybridizations, possibly using a two channel SyS 
tem forming a Sandwich, So that they can be used in a 
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doctor's office to identify a target. Alternatively, fast Sequen 
tial exposures of target to probe can be performed, thus 
enabling a few lanes to be used for many hybridization tests. 
0227 Aspects of the invention can be used for the 
prediction of Susceptibility to disease and/or response to 
drugs. 

0228 Aspects of the invention can be used for scoring 
many SNPs (or other mutations or genetic variations) in a 
clinical Setting. This may be useful for personalized medical 
treatments and/or prescriptions. In addition, a patient Sample 
can be Saved and used for Subsequent genotyping with 
additional SNPs. Thousands to hundreds of thousands of 
SNPs in hundreds to thousands of individuals can be scored 
Simultaneously. The overwhelming majority of human 
genetic variation is in the form of Single nucleotide poly 
morphisms (SNPs), and it is assumed that testing for SNPs 
will form the basis of most genetic tests. Another significant 
group of genetic variations is related to the deletion or 
duplication of genetic Sequences, which generally affect 
only one set of chromosomes. Deletions of Sequences can be 
related to Loss of Heterozygosity (LOH) in cancerous cells 
or can be related to germ-line mutations in which one or 
more Sequences are missing from either the maternal or 
paternal chromosome alleles. Duplication of genetic 
Sequences is often found in cancerous cells. 
0229. Aspects of the invention can be used for low-cost 
directed Sequencing for Susceptibility genes like BRACA 1. 
and 2. 

0230. Aspects of the invention can be used for whole 
genome association Studies of diseases and populations. 
0231 Aspects of the invention can be used for inclusive 
gene expression Studies e.g., where the same tissue from 
many different patients is compared, or where many differ 
ent tissue types from the same patient are compared. 
0232 Aspects of the invention can be used for sequenc 
ing, in particular for highly parallel directed or de-novo 
Sequencing. 
0233 Aspects of the invention can be used for drug 
discovery. In Some embodiments, highly parallel protein 
protein interaction assays or drug-protein interactions assays 
can be performed. In Some embodiments, these assays can 
be fluorescence polarization assays. The effect of drugs on 
tissue expression (e.g. gene expression) can be monitored, 
allowing many tissues to be tested Simultaneously. In Some 
embodiments, TaqMan assays may be used to determine 
drug effects on RNA expression levels. 
0234 Aspects of the invention also can be used as a 
general tool. For example, aspects of the invention provide 
a fast method of printing microarray Slides with reactants 
Such as nucleic acid targets or probes, because a large 
number (e.g. 384, 1536, another number of wells in a 
multi-well plate, or other large number over 50, preferably 
over 100, more preferably over 1,000, even more preferably 
over 10,000, even more preferably over 100,000, and even 
more preferably over 1,000,000) reactant spots or lines can 
be put down at one time on a single Slide in contrast to the 
usual 4 to 12 for a mechanical print head. 
0235 For many applications, the management of reactant 
mobility may be an important feature that influences the 
configuration and protocol of an assay. 
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0236 When an array of microfluidic channels is placed 
on a reaction Surface to which reactants are already bound, 
Volumes are created at the interSections of the channels with 
the reactants, and these volumes are similar to individual 
Sample wells. If the results of the reactions remain local to 
the interSections, then these volumes act like individual 
Sample wells. In one aspect, an advantage these pseudo 
wells have over conventional assemblies of wells is that 
parallel rows of wells can be filled with the same reagent all 
at the same time, requiring minimal reagent manipulation. 
This may be most useful when the purpose of an assay is to 
expose all the individual reagents in one set to all the 
individual reagents in another Set. For example, reactants 
from all of the samples stored in a 1536-well plate can be 
bound to a reaction Surface using a microfluidic print head 
described herein. Similarly, all of the probes stored in 
another 1536-well plate can be exposed to these Samples 
using a microfluidic reagent head described above, resulting 
in the maximum number of interactions between the two Sets 
of reagents, which is 1536, or 2.3 million. One of ordinary 
skill will appreciate that other numbers of reactants can be 
mixed. 

0237. In one embodiment, when there is a sufficient 
quantity of reactants to perform an assay, an approach may 
be to immobilize one of the reactants, and perform an assays 
that exposes the other reactants to the immobilized reactant 
and may result in one or more of the other reactants binding 
to the immobilized reactant. This approach may be used in 
many hybridization assays. Sample DNA may be immobi 
lized on a reaction Surface. If one or more probes find 
complementary targets on the immobilized DNA and 
hybridize to them, the probe(s) become bound to the immo 
bilized DNA and are thereby bound to the surface. This 
allows Subsequent post-processing Such as Washing away 
unbound probes. This form of assay can be used to deter 
mine whether a target DNA Strand is present or absent in a 
sample. It can also be used to determine whether the DNA 
Strand is only present in one of the two copies of the genome 
(i.e. heterozygous in diploid genomes), or if there has been 
a duplication or other amplification of certain genes or DNA 
Strands (e.g. trisomy). This assay can also be used to 
determine if there has been a single nucleotide Substitution 
in the target strand (e.g. a SNP). Useful hybridization assays 
that provide increased signal to noise ratios include FRET 
(Roche Diagnostics), IFRET, and Molecular Beacons. 
Hybridization probes may be oligonucleotides. However, 
useful probes include any DNA, RNA, PNA, other natural, 
modified, or Synthetic hybridization probes, and/or combi 
nations of any two or more of the above. Probes may be from 
5 nucleotides long to several kilobases long. Preferred 
probes include probes that are less than 10, about 10-15, 
15-20, 20-25, 25-30, 30-35, 35-40, 40-45, 45-50, 50-55, 
55-60, 60-65, 65-70, 70-75, 75-80, 80-85, 85-90, 90-95, 
95-100, 100-200, 200-300, 300-400, 400-500, 500-1000, 
and more than 1000 bases long. 
0238 Protein-protein interactions also can be assayed by 
immobilization of one or more protein reactants to a reaction 
Surface. Samples containing mixtures of proteins can be 
bound to the Surface, the channels can carry labeled protein 
probes, and Specific interactions may result in a probe 
binding to an immobilized protein target. Protein hybridiza 
tion assays that can be implemented using aspects of the 
invention include antibody Sandwich assays, and Rolling 
Circle Amplification tethered to a hybridization probe or 
antibody (Molecular Staging). 
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0239 Sequencing reactions can be performed by immo 
bilizing one or more nucleic acids to a reaction Surface. For 
example, Sample DNA molecules can be bound to the 
Surface, and primers for Specific target Sequences in the 
Sample Strands can be introduced into the channels where 
the primerS hybridize to complementary immobilized target 
Strands. Nucleotides then may be introduced into the chan 
nels to extend the primers. Different types of primer exten 
Sion reactions can be performed. For example, Single base 
primer extension (Orchid BioSciences) can be used to geno 
type SNPs. In this assay, the primer may be extended by only 
one labeled nucleotide, which is then read to determine the 
genotype of the SNP. In another assay, a first nucleotide may 
be added and it’s identity determined, then a Second nucle 
otide may be added and it’s identity determined. This may 
be repeated for Several bases. Reagents for Such assays are 
available, for example, from PyroSequencing. Photocleav 
able fluorescent nucleotides or dideoxynucleotides devel 
oped at Columbia University also may be used. 
0240 Highly-parallel sequencing of novel DNA strands 
also can be performed using immobilized DNA molecules. 
According to the invention, there are at least two possible 
approaches. The first uses random primers in the channels to 
initiate Sequencing reactions. The Second involves Sequen 
tially introducing random labeled primers into the channels, 
recording those that hybridize, then assembling the results 
into a representative Sequence. In both embodiments, Sample 
DNA may be prepared carefully so that not more than one 
probe hybridizes to the sample DNA at each intersection of 
bound DNA and probe DNA. A useful sample preparation 
method accomplishes this by processing each Sample So that 
it consists of many copies of relatively short DNA strands. 

0241 These and other applications are discussed in more 
detail below. 

0242) Nucleic Acid Hybridization Assays: 
0243 AS discussed above, aspects of the invention may 
provide efficient methods for multiplexing hybridization 
assays involving crossing Sample lines and probe lines. 

0244. In one embodiment, each sample may be deposited 
as a Single vertical line on a Slide and each probe may be 
introduced as a single horizontal line. Each vertical line of 
Sample may interact with all of the horizontal lines of probe, 
thus providing an assay platform where each interSection of 
Sample and probe represents a unique data point. Therefore 
the number of tests performed on each Sample (held in a 
Single well and introduced as a single vertical line) may be 
equal to the number of horizontal lines of probes introduced 
to the device. If 1536 probes are used, then the level of 
Sample multiplexing is 1536 tests per Sample well. Conven 
tional microtiter plate based assays are capable of only from 
one to two tests per Sample. 
0245 When performing a hybridization assay of the 
invention, the wells of a microtiter plate may be fluidically 
connected to a Set of parallel channels of a microfluidic 
device through a transfer plate, as described above. The 
array of microfluidic channels may be mounted on a reaction 
Substrate that communicates with all the channels and is 
capable of binding DNA that is introduced into the channels. 
A DNA sample may be introduced at a sufficiently high 
concentration to ensure that all the different targets in the 
Sample will be represented at every reaction Site formed by 
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the intersection of bound DNA lines and mobile probe lines. 
When genomic Samples are used, they are usually amplified 
using a whole-genome-amplification method and then 
Sheared or cut using restriction enzymes to produce short 
strands on the order of 1000 nucleotides long. Other shear 
ing methods also can be used. The short Strands then may be 
randomly mixed So that there are enough copies of all short 
Strands at every interSection point to enable their detection. 
Current Whole Genome Amplification kits can make 
approximately one million copies of a genome. Therefore, if 
1000 channels cross a line of this amplified sample DNA, 
approximately 1000 targets may be available at each inter 
Section point. This number of targets can be detected using 
currently available instrumentation and probe labels. Further 
increases in the number of genome copies or the use of more 
Sensitive instrumentation that can detect the presence of 
fewer labels will enable more probes to be exposed simul 
taneously to each line of amplified DNA. 

0246. After lines of sample DNA are deposited on a 
reaction Surface, the first array of microfluidic channels may 
be removed. The bound DNA may be immobilized, prefer 
ably using a UV oven. The reaction surface then may be 
blocked to prevent non-specific binding of labeled probes. A 
Second array of microfluidic channels may be contacted to 
the Surface, with the channels at an angle (e.g., a 90 degree 
angle) relative to the sample lines. Labeled DNA probes 
specific for targets within the sample DNA then may be 
introduced into microtiter plate wells and directed to the 
microfluidic channels where they are exposed to the immo 
bilized DNA samples on the reaction surface. Each channel 
may contain a single type of labeled DNA probe. At the 
intersections of the immobilized DNA lines with the chan 
nels filled with probes, labeled probes hybridize with 
complementary targets that may be present in the Sample 
DNA. The probes may be left to hybridize for between 5 
minutes and 12 hours depending on the reaction conditions 
and the probe and target concentrations. However, shorter or 
longer hybridization times may be used. Typical reaction 
conditions may be used, following Standard hybridization 
protocols used in microarray hybridization reactions. In 
another embodiment, one or more probe Solutions may be 
flowed acroSS one or more lines of bound nucleic acid 
without stopping the flow(s) for any length of time. Suffi 
cient hybridization may occur in the time that it takes for a 
Volume of probe Solution to move acroSS a region of bound 
target. 

0247. After hybridization is complete, the second array of 
microchannels may be removed from the reaction Surface, 
and the reaction Surface may be washed to remove any 
unhybridized probes. The surface then may be examined for 
the presence of any remaining label that would indicate that 
hybridization took place. 

0248. In another embodiment, one or more probes may 
be deposited and immobilized on a reaction Surface. One or 
more nucleic acid Samples may be labeled, flowed over the 
immobilized probes, and washed off. Any hybridized nucleic 
acid remains bound to the immobilized probe and may be 
detected. 

0249. In either configuration (bound target and mobile 
probe, or bound probe and mobile sample), the matrix of 
hybridization reactions may have Several advantages over 
hybridization reactions performed with available nucleic 
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acid microarrayS. In Some embodiments, advantages may 
result from the Small volume of each hybridization reaction 
as discussed in the following paragraphs. According to 
aspects of the invention, Small reaction Volumes and result 
ing Short diffusion distances are advantageous not only for 
hybridization reactions, but also for many other embodi 
ments of the invention. 

0250) 
0251 Hybridization assays depend on the ability of DNA 
in solution to migrate to the site of immobilized DNA on the 
reaction Surface to find a hybridization match. In current 
microarray and bead-based assays, DNA molecules Several 
thousand bases long must migrate up to two centimeters to 
hybridize with oligonucleotides that are attached to flat 
Surfaces, and are only 25 or So nucleotides long. Because of 
the slow diffusion coefficients and the difficulty to signifi 
cantly agitate current Samples during hybridization, the 
minimum time needed for hybridization on microarrays is 
about 12 hours. Easier agitation methods using bead-based 
assays make hybridization times much shorter. However, 
even during these times, it is probable that only a Small 
number of potential targets are exposed to the probes 
attached to the microarray Surface, resulting in less efficient 
hybridization and poor signal-to-noise ratioS. Significant 
Steric hindrance also exists in both microarray and bead 
based assays due to the long target having to approach a flat 
Surface for hybridization, resulting in reduced hybridization 
stability differences between matched and mismatched tar 
get-probe combinations. Both of these effects result in the 
requirement of duplicate hybridizations per target, to 
increase the confidence levels of the observed results. 

0252) In contrast, in some embodiments of the invention, 
probes may be only 18 to 30 nucleotides long and migrate 
at most 50 microns, or the width of a microfluidic channel, 
to their hybridization sites. Also probes typically have much 
larger diffusivities than the larger Sample DNA. As a result, 
hybridization reactions of the invention may be faster and 
may result in a greater percentage of probes being exposed 
to potential hybridization Sites, resulting in increased 
hybridization efficiency. Furthermore, the steric hindrance of 
a short probe approaching a wall may be Smaller than that of 
a large DNA fragment, resulting in increased hybridization 
accuracy. Overall, these effects may result in much greater 
hybridization efficiency and fidelity thereby reducing or 
eliminating the need for duplicate hybridization sites. 

0253) 

Increased Accuracy and Speed 

Increased Scalability 

0254 The size of the hybridization area of conventional 
microarray slides is generally not larger than 2 cm because 
of the difficulty in transporting the long-chain DNA targets 
to the immobilized probes. ArrayS provided by, for example, 
Affymetrix may be no larger than about 1.4 cm, containing 
about 1.3 million probe Spots. Labeled targets must croSS 
this whole Surface area to become exposed to probes that 
may be complementary. 

0255 In contrast, in some embodiments of the invention 
probes may brought to within 10 to 50 microns of potential 
complementary targets by active fluid flow through the 
channels. Therefore, in aspects of the invention, the size of 
the hybridization area is not limited by the distance that 
DNA Strands can diffuse or be moved by gentle agitation, 
but may be limited only by the practical length of channels 
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that can be made in an assembly of the invention. For 
example, a channel that is 18 centimeters long may be made 
and would provide a total hybridization area of 324 Square 
centimeters, containing 160 million Spots, or 100 times more 
spots than a slide provided by Affymetrix. Given that an 
Affymetrix slide needs 20 duplicate spots for each hybrid 
ization event, devices of the invention may score 2000 times 
more hybridization events that an Affymetrix slide. If the 
160 million Spots were used for de-novo Sequencing by 
methods discussed herein, each Strand would only theoreti 
cally need to be read out to about 140 nucleotides to 
Sequence the entire human genome. 
0256 Reduction of Sample Preparation and Amplifica 
tion Cost and Complexity 
0257 Current microarray and bead-based assays use 
Selective amplification of DNA Strands containing targets of 
interest from an initial genomic Sample. This is necessary in 
order to label the target Strands and amplify the number of 
labeled strands for easier detection of the labels. PCR 
primerS must be optimized for each target, and only a few 
targets can be amplified per Sample well, requiring manipu 
lation of many microtiter plates and expensive PCR 
reagents. In addition, increased numbers of targets requires 
increased quantities of patient Sample DNA which is con 
Sumed during the target amplification and labeling process. 
0258 Techniques available from Affymetrix and Perle 
gen may allow cheaper methods to amplify and label targets 
by ligating universal primers to genome fragments and 
causing Selected areas of the genome to be amplified Suffi 
ciently to be used with a microarray Slide that is spotted with 
Short oligomer probes. This approach allows the user to 
genotype approximately 10,000 targets in a Sample. 
0259. A genome amplification technique introduced by 
both Amersham and Molecular Probe Inc is called Whole 
Genome Amplification. This method uses a novel enzyme to 
amplify the whole genome from about 200 copies to about 
one million copies. This method does not label the amplified 
DNA, and is therefore not appropriate for current hybrid 
ization assayS. However, this method can be used to prepare 
sample DNA for analysis according to the invention. This 
avoids the costs associated with PCR primers and the use of 
multiple sample wells for PCR reactions. Other aspects of 
the invention described herein also are useful for Simplifying 
Sample processing and analysis. 
0260 Multiplexing by Blocking 

0261. In embodiments described herein, each vertical line 
may consist of a single Sample of, for example, the full 
diploid genome of a certain species. This may result in the 
ability to reach a high level of Sample multiplexing. How 
ever, in Some embodiments, only one test type may be 
performed per horizontal channel, or per probe. In other 
embodiments, it may be desirable to increase the number of 
tests per horizontal channel. This can be achieved by making 
available only a portion of a single Sample in a single 
Vertical line. For example, a full genome could be broken 
into ten unique parts, and each part could be introduced into 
a vertical line. Then each horizontal line could carry ten Sets 
of probes, where each Set of probes only had targets on one 
of the ten lines of Sample. This would result in multiplexing 
of the horizontal lines in that ten tests would be performed 
per horizontal line, or probe. Therefore, the level of multi 
plexing per vertical line or Sample portion would still be 
equal to the number of horizontal lines carrying probes. 
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However, the total level of multiplexing per total Sample 
would be equal to ten times the number of horizontal lines 
carrying probes. 

0262. It is generally very difficult to break up a sample 
into a number of unique parts, in that the DNA in the Sample 
is all well mixed together. However, in aspects of the 
invention this effect can be achieved by using blocking 
probes as follows. The same genomic Sample may be 
introduced into each of ten vertical lines. Then unlabeled 
probes may be introduced into each of the lines, where the 
probes in each line hybridize to and block all target Sites in 
the assay except for the target Sites that are intended to be 
probed in that line. Then all the probes for all the vertical 
lines are mixed together in the horizontal lines. At each 
interSection of line and probe, only the targets that have not 
been blocked will be available for hybridization. This 
achieves the effect of having each vertical line consist of a 
unique Segment of the genome being tested. 

0263. In an alternative embodiment, the reaction surface 
first may be exposed to the lines of target DNA. Then a 
Second channel device may be used where each line contains 
not a single labeled probe but instead contains all the 
(non-labeled) probes except for the probe of interest for 
purposes of blocking. As a result, all the target spots except 
for the target of interest may be blocked. Then the channel 
device may be removed and the whole Slide may be exposed 
to a mixture of all the (labeled) probes for all the targets of 
interest. The labeled probes hybridize to spots where single 
targets are open. The resulting hybridization pattern can be 
used to determine the presence or absence of the target. 
Other aspects of the invention involve using other combi 
nations of blocking and detection probes. 
0264 PCR Multiplexing 

0265. In one embodiment of the invention, samples may 
be introduced as vertical lines on a slide and PCR primers 
may be introduced as horizontal lines. Each Sample may 
contain all the forward primers for the intended amplicons 
from that Sample. Reverse primerS may be introduced into 
the horizontal channels. Such that at each interSection of 
Sample and primer there may be only one matched pair of 
forward and reverse primer. During PCR amplification, all 
(or Substantially all) the forward and reverse primers present 
at each interSection of Sample and primerS may extend 
linearly. However, the unique Set of forward and reverse 
primers at each interSection will amplify exponentially, 
generating orders of magnitude more of the intended Single 
amplicon than of the linearly-amplified amplicons from the 
unmatched primers. This will result in exponential amplifi 
cation of unique amplicons at every interSection of bound 
sample DNA and channel. Therefore the number of PCR 
amplifications performed on a Sample is again equal to the 
number of reverse primers that are introduced to the device. 
If 1536 primer sets are used and 1536 samples are used then 
over 2 million PCR reactions can be assayed. In contrast, 
only 20 or so PCR amplifications can generally be per 
formed on a Single Sample in a Single well, because primer 
dimer formation becomes a major obstacle when more PCR 
amplifications are attempted. 

0266 Non-Immobilized Reactants 

0267 In some embodiments of the invention, members of 
a first Set of reactants may be exposed to members of a 
Second Set of reactants without immobilizing either Set of 
reactants on a Surface. However, the reactants still may be 
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constrained by microfluidic channels, and the interaction 
points still may be defined by the intersection of lines of 
microfluidic Sample flows. 
0268 For example, when there is not a sufficient con 
centration of DNA to perform an assay, PCR can be used to 
amplify the nucleic acid strands of interest. The new DNA 
Strands produced are not immobilized and may migrate 
along the channels. This may require other methods to 
contain the reactants within the pseudo-Wells. One method 
is to rely on the diffusivity of the reactants. If they have 
sufficiently low diffusion coefficients, they will diffuse 
Slowly enough to remain in the pseudo-Wells over the 
time-course of the reaction and/or analysis. DNA Strands 
that are kilobases long will diffuse out of a 10-micron well 
in about 1.3 hours, and out of a 100 micron well in about 130 
hours. DNA strands that are 1 Kb long will diffuse out of a 
10-micron well in about 4 minutes and out of a 100 micron 
well in about 7 hours. DNA strands less than 25 bases long 
will diffuse out of a 10-micron well in about 6 seconds, and 
out of a 100 micron well in about 10 minutes. Therefore, 
only longer-chain reactions may be practical when reactants 
are not immobilized or prevented from diffusing into adja 
cent wells. 

0269. According to aspects of the invention, a useful 
device configuration for when diffusion is relied upon to 
retain reactants is shown in FIG. 15, where the reaction 
Surface is replaced with one or more microfluidic channels. 
AS a result, two Sets of channels croSS each other at an angle 
(preferably a right angle) and communicate with each other. 
0270. According to aspects of the invention, simple 
hybridization reactions can also be performed with the 
configuration shown in FIG. 15. One set of channels is 
loaded with long-chain DNA samples that diffuse at a rate 
that is slow enough that they can be considered as immobile. 
The other set of channels is loaded with labeled probes, 
which diffuse at a higher rate and hybridize to the long-chain 
target DNA. Excess-labeled probes are then washed out of 
the Second Set of channel and the remaining labeled primers 
are detected. 

0271 In another embodiment, the reactants may be con 
tained within the pseudo-Wells by Supplying the channels 
with Structures that can physically isolate channel Volumes 
at their interSections with the immobilized lines of reactants. 
These structures open to allow entry of reactants to the 
whole channel, then close to isolate the channel Volumes. 
One approach to isolating reactants along a channel is shown 
in FIG. 16. Vertical dams, or other structures can be placed 
within the channels Such that when preSSure is applied to the 
tops of the channels, they are partially or fully obstructed, So 
as to prevent either fluid flow or diffusion of reactants along 
the length of the channels. This allows the creation of 
Sections along the channel that can act like individual 
isolated Sample wells. 
0272. In another embodiment, reactants can be contained 
within the pseudo-Wells by providing a means for reactants 
to become attached to the walls of the reaction Surface or 
channel during or after a reaction. One approach that can 
accomplish this may be to bind primers to the reaction 
Surface and introduce long-Strand, Slow-diffusing, template 
into the channels. The template nucleic acid first may be 
broken up using one or more restriction enzymes, and the 
fragments may be linked to universal primers. The template 
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may be introduced at a low concentration So that at most 
there may be one nucleic acid fragment at each channel 
interSection. An immobilized primer that hybridizes to a 
universal primer on a nucleic acid fragment may be 
extended. Every extension product made from the template 
also may become bound to the reaction Surface. This 
approach can be particularly useful when the intent is to 
amplify up only one copy of template DNA to produce a 
large quantity of amplicons that are all copies of the Single 
DNA strand. Amplification from single strands of DNA is 
sometimes referred to as “digital PCR', and is useful for 
detecting haplotype genetic variations and for detecting 
individual mutated cells in a field of many normal cells for 
early Stage cancer detection. Once the Single-copy ampli 
cons are generated at the interSection of the channels and 
bound primers, then these can be exposed to probes or 
Sequenced according to the methods presented herein. 

0273 Whatever protocols are used to restrict the results 
of reactions from migrating, aspects of the invention provide 
the ability to perform highly-multiplexed PCR reactions. 
Sample DNA can be introduced into vertical channels, 
where each Sample also contains all the forward primerS for 
the intended amplicons from that Sample. Reverse primers 
can be introduced into the horizontal channels, where each 
channel contains a unique Subset of all the reverse primers 
for the intended amplicons for every Sample. This can result 
in exponential amplification of unique amplicons at every 
intersection of bound sample DNA and channel. Examples 
of assays that could be used with this approach are allele 
specific PCR, to both amplify and identify alleles, or a 
quantitative PCR TaqMan assay. 

0274 Combinations with Other Array Technologies 
0275 According to aspects of the invention, additional 
assay configurations can be obtained using a reaction Surface 
constructed by Standard microarray techniques, where each 
Spot on the microarray represents a unique Strand of DNA, 
as shown in FIG. 17. Alternatively, the DNA can be attached 
to a reaction Surface as a Series of Spots using microarray 
methods of the invention. For example, a microfluidic 
channel in the microfluidic array can be open for a very short 
distance, thereby contacting the reaction Surface for only a 
very short distance. A microfluidic array comprising a plu 
rality of Such microfluidic channels can be used to deposit a 
matrix of reactants Such as probes or targets on a reaction 
Surface. In Some embodiments, a microfluidic channel could 
contact the reaction Surface at Several discrete positions in 
order to deposit duplicate (or triplicate, or more) samples on 
the reaction Surface. The Surface can then be covered with an 
array device of the invention to expose one or more labeled 
probe DNA reactants to the immobilized DNA samples. 
0276. In other aspects of the invention, similar configu 
rations can be used for other types of nucleic acid reactants 
(e.g., RNA or PNA), non-nucleic acid reactants (e.g., pep 
tides, proteins, carbohydrates, Small molecules), or combi 
nations of two or more thereof. 

0277 High Density Arrays 

0278 Microfluidic embodiments of the invention enable 
the number of hybridization spots per unit area on a microar 
ray reaction Surface to be greater than can be achieved using 
a Spotting approach, and to meet or exceed the number 
obtainable with lithographic techniques. The number of 
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hybridization spots per area may be maximized So as to 
produce a maximum number of test events per assay pro 
tocol. Conventional physical Spotting techniqueS Such as 
quills, pins, or micropipettors are able to deposit DNA on 
glass Slides in the range of 60 to 250 microns in diameter, 
resulting in from 400 to 7000 spots per square centimeter, 
allowing for clearance between Spots. Lithographic tech 
niques, Such as those provided by Affymetrix (e.g., U.S. Pat. 
No. 5,744,305, the disclosure of which is incorporated by 
reference herein) can produce hybridization spots down to 
about 11 microns Square, with no clearance between spots, 
resulting in approximately 800,000 spots per Square centi 
meter. Since the quantity of probes that can be deposited on 
a flat Surface using lithographic techniques is Small relative 
to the quantity achieved using mechanical Spotting tech 
niques, approximately 20 duplicate spots may be required 
for each target. This reduces the number of targets that can 
be probed on a standard lithographic array to about 40,000 
per Square centimeter. 

0279 According to embodiments of the invention, 
microfluidic technology has been used to make 50-micron 
Square hybridization Spots with 50-micron Separators 
between channels, resulting in 10,000 spots per Square 
centimeter. Microfluidic channels also have been made as 
Small as 10 microns, with 5-micron Spacers between chan 
nels. Therefore, a device of the invention can include over 
400,000 spots per Square centimeter. These spots contain 
much more DNA than the spots on a Standard lighographic 
array. Therefore, fewer duplicate spots are needed. If, for 
example, no duplicates are used, then microfluidic arrays of 
the invention can exceed the density of Spots achievable by 
Standard lithography by a factor of 10 or more. 
0280. In one aspect of the invention, an advantage of 
using channel widths and heights of 10 microns is that each 
of the 400,000 wells on a square centimeter has an approxi 
mate well volume of 1 picoliter. However, aspects of the 
invention include other channel heights and widths as 
described herein. 

0281) Kits 
0282. In addition to the devices described above, aspects 
of the invention provide kits that contain preassembled 
components or reagents that can be readily used in conjunc 
tion with methods and devices of the invention. 

0283 Pre-Packaging of Probes with an Array 
0284. Probes that are intended to be exposed to a reactant 
(e.g. a sample) can be preloaded into a microfluidic chip 
containing a microfluidic array as described herein, and may 
be sealed. A microfluidic chip may consist of only a Soft chip 
part, and may not include a microtiter plate or transfer 
System. There may be a number of reservoirs in the chip, 
each connected to the channels on the bottom of the chip. 
The chip could carry any number of channels and reservoirs, 
and would not be limited by the number of wells that are in 
Standard microtiter plates. For example, the chip could have 
2000 different reservoirs and channels, rather than 1536, 
which is the number of wells in a 1536 well plate. The 
configuration of the chip may then be made So as to fit the 
configuration of the Surface that will hold the targets, rather 
than be restricted by the number of wells of a microtiter 
plate. After the reservoirs are loaded, the microfluidic device 
may be packaged into an air-tight film bag to keep the probe 
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Samples fluid. To use, a user may remove the chip from the 
package, then place the chip onto the Slide where target DNA 
has been already deposited. Then the chip may be preSSur 
ized (e.g., with either positive or negative pressure) to drive 
the probes from their reservoir into the channels and thus 
expose them to the target DNA. In another embodiment, 
probe may be dried down in the array (e.g., upstream from 
a channel portion that may contact a reaction Surface). The 
operator may then flow the probe over the reaction area by 
flowing a reaction Solution over the dried probe region in 
each channel. 

0285) This aspect of the invention provides several ben 
efits. One is that it unburdens the user from needing to Secure 
and array the probes into a microtiter plate. It also relieves 
the user from needing to apply a microtiter plate-microflu 
idic chip combination to a glass Slide and correctly aligning 
all the device components. Instead the user would just apply 
the Small chip to the Surface of the glass slide, and apply 
preSSure to the chip to force the probes from their reservoirs 
to the channels and acroSS the areas of immobilized reactant 
(e.g., target DNA). Another benefit is that it provides a way 
for a vendor to pre-package a set of probes for a customer. 
Such a device may be a one-time consumable. 
0286 Pre-Packaging of a Reaction Surface with a with a 
Channel Array 
0287. In some aspects of the invention, a channel array 
also may be pre-positioned onto a reaction Surface (e.g., 
reversibly bound to a reaction Surface), such that it is ready 
to receive a reactant Solution (e.g., target DNA). In opera 
tion, reactant Solution could be dispensed directly through 
the channel array either manually or using an automated 
pipettor. Alternatively, the pre-positioned array and reaction 
substrate could be fitted together with one or more of a 
multi-Well plate, a transfer plate, a docking interface, and/or 
any other device of the invention. 
0288. In embodiment, the pre-positioned reaction Sub 
Strate includes one or more reactants (e.g., hybridization 
probes) on its Surface. The reaction Substrate may be an 
array (e.g., a micro-array) of reactants made using any 
method (including methods of the invention). For example, 
the reaction Substrate may be a micro-array available from 
a commercial Source (e.g. Affymetrix, Agilant Technologies, 
GE Life Sciences, Perkin Elmer, etc.). 
0289. This aspect of the invention may provide several 
benefits. A user could interrogate a pre-packaged assembly 
by flowing a mobile reactant Solution (e.g., a sample Sus 
pected to contain target DNA) over the reaction Surface. The 
array then may be removed from the Surface of the slide and 
analyzed for the presence of a signal of interest that may be 
indicative of the presence of a particular target of interest in 
the Sample. 
0290 Pre-Packaging Target DNA Loading Probes and a 
Reaction Surface to Hold DNA Together 
0291. In aspects of the invention, a chip also may be 
designed to combine channels for depositing target DNA 
onto a glass slide and also exposing probes to the immobi 
lized target DNA. The chip would have channels running 
both vertically and horizontally on one side, where the two 
sets of channels intersect. Therefore the bottom of the 
microfluidic device would appear as a Series of Squares, 
Separated by channels running either vertically or horizon 
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tally. One of the ends of one set of channels would be 
connected to reservoirs that held probes, and the other ends 
of these channels would be dead-ended. One of the ends of 
the Second Set of channels may be connected to ports on the 
Surface of the device that enabled them to be filled with 
target DNA either manually or robotically, or by fitting a 
microtiter plate and transfer layer to the device. The other 
ends of these channels would connect to a single common 
exhaust port. 
0292. In order to use the device, target DNA would be 
introduced into the proper channels, and vacuum would be 
placed onto the common outlet to these channels. The target 
DNA would be drawn into these channels, where it would 
bind to the reaction surface. This target DNA would not 
enter the other orthogonal (target) channels, because the 
DNA would be under vacuum and because one end of the 
orthogonal channels would be dead-ended, and the other end 
would connect with reservoirs which were filled with 
probes, and Sealed. After the target DNA was introduced into 
the device and removed, by means of vacuum, then the 
reservoirs of probe DNA would be pressurized to force the 
probes down their respective channels where they would 
cross the bound DNA channels. The pressure on all the probe 
DNA channels would be kept equal So as to minimize any 
tendency for probe DNA to cross from channel to another by 
means of the cross-target DNA deposition channels. After a 
suitable hybridization time, the microfluidic chip would be 
peeled off of the flat Surface or glass Slide, and the slide 
would be washed, then analyzed for places where hybrid 
ization had taken place. It should be apparent that other inlet, 
outlet and channel configurations can be used for this aspect 
of the invention. Also, this aspect of the invention is not 
limited by the reactants that are used. 

EXAMPLES 

Example 1 

Parallel Lines of DNA on a Glass Slide 

0293 FIG. 18 shows an embodiment where an array of 
microchannels was used to immobilize DNA into parallel 
lines on a glass slide. The round Spots at the top of the image 
are wells or inlets where individual DNA samples were 
introduced to the array of microchannels. These wells are 
fluidically attached to channels that direct the DNA along 
the glass slide, where it is immobilized. The array of 
microchannels was then removed, and the Slide was exposed 
to cyber green dye to make the lines of DNA visible. While 
these lines are approximately 50 microns in width, in other 
embodiments, they may be as Small as 10 microns in width 
or Smaller. 

Example 2 

Matrix of Hybridization Reactions 

0294 FIG. 20 shows a micrograph of a 96-channel 
microfluidic device that was used in the experiments 
described below. Fluid inlet ports 73 are shown (these ports 
are through holes that are in communication with the upper 
surface). Each microchannel 54 is 50 microns wide (these 
are on the lower Surface). The device was first placed on a 
glass Slide with the channels oriented vertically. Sample 
DNA was then allowed to flow through a selected number of 
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channels for less than a minute before it was removed from 
the channels. The device then was removed from the slide. 
The slide then was treated to bond the sample DNA to the 
glass slide, followed by blocking to prevent any other DNA 
from adhering to it. The same microfluidic device was again 
applied to the glass Slide with the channels oriented hori 
Zontally. Selected channels were then filled with labeled 
probe DNA, and the assembly was allowed to incubate for 
12 hours. Subsequently, the microfluidic device was 
removed from the glass slide, which then was washed to 
remove any unhybridized probe DNA. A fluorescence image 
of the slide was then taken to show the positions of the 
hybridized labeled probe DNA. 

0295 FIG. 19 shows the results of experiments that 
demonstrate the ability of an array of microchannels to 
hybridize labeled DNA probes to lines of DNA previously 
immobilized on a glass Slide, and for the probes to discrimi 
nate between two different targets. In the upper image, a first 
array of microchannels was first used to immobilize vertical 
lines of DNA (Beta Actin) on a glass slide. In this first array, 
each microchannel was 50 microns wide. Then a Second 
array was placed on the glass slide with the microchannels 
in a normal orientation relative to the orientation of the DNA 
lines deposited by the first microchannels. The microchan 
nels in the second array were also 50 microns wide. This 
Second array was used to expose 50 micron wide horizontal 
lines of fluorescently-labeled complimentary DNA (Cy-3 
labeled UHR). The labeled DNA was left exposed to the 
immobilized DNA for 12 hours. The array then was removed 
and the glass slide was washed to remove any unhybridized 
DNA. This resulted in the appearance of squares of labeled 
DNA where the channels crossed the lines of immobilized 
DNA 

0296. In the lower image of FIG. 19, alternating vertical 
lines of human DNA and Drosophila DNA were deposited 
on the glass slide. Then horizontal lines of cy5-labeled probe 
Specific for Drosophila were exposed to the targets, resulting 
in hybridization to only the Drosophila target, thus uniquely 
identifying the presence of this target. 

Example 3 

Reuse of Patient Samples for New Targets 

0297. The arrays of the invention allow for sequential 
assays to be performed on sample DNA that has been 
attached to a reaction Surface. Reuse of Sample DNA pro 
vides two significant advantages: a) the cost of Sample 
preparation can be spread over many uses, and b) the sample 
can be probed for new targets that were not contemplated 
when the DNA sample was originally prepared. According 
to the invention, Samples deposited on a reaction Surface can 
be conserved for tests to be performed at a future date. 

0298. In preferred embodiments of the invention, whole 
genome amplifications are performed and the resulting DNA 
Samples are deposited on the reaction Surface. As a result, all 
targets contained in the genome are potentially available. 
Therefore, once the DNA on the reaction Surface has been 
exposed to channels of a first Set of hybridization probes, 
other targets are still available for future hybridization 
asSayS. 
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0299. Once a hybridization assay is completed, the labels 
on the probes can be neutralized, and a Second Set of probes 
can be exposed to the Sample DNA. It is expected that any 
Steric hindrance from the presence of a first Set of probes will 
be minimal, allowing Successive exposure of probe Sets to 
the sample DNA. Alternatively the probes can be removed 
from the sample DNA by strong washing of the reaction 
Surface. Both approaches have been used to reuse porous 
membranes that have been used in Dot Blots. In either case, 
as long as the Sample DNA is firmly attached to the reaction 
Surface, there should be no limit to the number of times the 
immobilized DNA can be exposed to newly labeled hybrid 
ization probes. 
0300. In contrast, labeled amplified targets used by cur 
rent microarray and bead-based assays cannot be reconsti 
tuted and reused for Sequential assays, and also cannot be 
used to probe for additional targets that were not originally 
amplified and labeled. 

Example 4 

0301 One of the goals of the National Human Genome 
Research Institute, (NHGRI) is to assay 400,000 SNPs in 
each of 2000 different patient samples. One way to accom 
plish this using microchannel methods and devices of the 
invention would be to cross 2000 vertical sample lines and 
400,000 horizontal probe lines. If the distance between each 
line were 15 microns, the microfluidic chip would be 3 
centimeters wide by 600 centimeters long. The number of 
microtiter wells needed to hold this number of samples and 
probes would be 402,000 (e.g. 262 microtiter plates each 
holding 1536 wells). This approach would therefore require 
a) an unwieldy microchannel chip shape, and b) many 
manipulations to transfer Samples and probes from many 
microtiter plates. 
0302) In a preferred embodiment, each sample would be 
divided into 14 unique parts of the whole genome, using 
blocking probes on the chip as discussed previously. The 
horizontal lines would each contain 14 different probe Sets, 
or the full complement needed to probe all 14 Segments of 
the genome. The resulting chip would have 14x2000=28000 
vertical sample lines and 400,000/14=28,600 horizontal 
lines, resulting in a chip that was 42 centimeters by 42 
centimeters. The number of microtiter wells needed to hold 
samples and probe mixtures would be only 30,600. This 
number of wells could be provided by 20 microtiter plates 
each holding 1536 wells. Therefore, this approach would 
result in a more user-friendly chip size and a dramatically 
reduced number of microtiter plates to Set up and manipu 
late. 

0303 Similar results may be obtained using other 
embodiments of the invention. 

Example 5 

Disease Detection 

0304 Genetic testing can be used for accurate molecular 
classification of disease, early detection of illness, prediction 
of drug response, and prediction of Susceptibility to disease. 
There are over 2000 known genetic polymorphisms that lead 
to disease States that are currently not available as tests, 
because of the high cost of the assayS. Commercial compa 
nies and most medical centerS also perform cytogenetic tests 
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that involve a visual examination of a patient's chromo 
Somes under a microscope. This is an inexpensive way to 
detect groSS abnormalities Such as extra or broken chromo 
Somes. Such tests are often performed on a prenatal basis. 
However, a significant portion of chromosomal abnormali 
ties, Such as deletions and rearrangements, cannot be 
detected Visually and require advanced molecular tech 
niques for detection. Even though these types of abnormali 
ties are relatively common and almost always very Serious, 
there are no publicly available diagnostic tests, because they 
would be too expensive Since they cannot be automated on 
an inexpensive platform. 

0305 Genetic testing can be used for the early detection 
of different types of illness. First, pathogens causing condi 
tions ranging from the common cold to more Serious con 
ditions Such as hepatitis can be detected and identified 
through genetic testing. Second, genetic testing is useful to 
detect many forms of cancer at an early enough Stage for 
Successful treatment. Two issues complicate molecular 
based detection of cancer. The first issue is finding the few 
cancer cells in a population of many normal cells, Since they 
generally remain local to the affected Site. The Second issue 
is the molecular detection of a Suspected cell, because the 
type of genetic disruption and the exact position on the 
chromosomes of an affected cell varies widely with the type 
of cancer and the individual patient. Therefore, Successful 
molecular detection may involve a combination of (a) test 
ing many cells to detect a Small percentage of cells that may 
be cancerous, and (b) the use of many diagnostic markers to 
cover the wide range of genetic disruptions that may be 
present in cancerous cells. Because of the high cost of 
performing molecular detection tests, very few tests are 
available either for research or clinical purposes, even 
though the benefits to early Stage cancer are well known. 
Aspects of the invention may be used for performing many 
reactions Simultaneously, and may reduce the cost and 
complexity of handling many Samples along with many 
reagents. 

Example 6 

Analysis of Drug Responses 

0306 The use of genetic testing for the prediction of drug 
response has a high potential for increasing the effectiveness 
and reducing the Side effects of drug therapy. Additionally, 
genetic testing holds promise for dramatically reducing the 
costs of drug development. Commercial drugs generally 
only work well for a percentage of the population (can be as 
low as 30%). The same drugs can have no effect on other 
Significant portions of the population, and can also result in 
Serious Side effects. Also, there is evidence that genetic 
polymorphisms either cause or increase the Susceptibility of 
patients to drug response. Genetic testing may, therefore, 
become a Significant part of drug development and therapy. 
However, genetic testing is currently far more expensive 
than most drug prescriptions. Until test costs come down to 
the level of drug prescriptions, they may only be used in 
critical situations, even though general use could greatly 
increase the effectiveness of many drug therapies. Aspects of 
the invention may be used for drug Screening and evaluation, 
and may reduce the cost and complexity of drug assayS. 
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Example 7 

Protocol for Using PDMS Chips to Print and 
Hybridize DNA Microarray Slides, where Small 

Labeled Oligonucleotides are Hybridized to Printed 
Genomic DNA 

0307 The following non-limiting example illustrates 
operational aspects of the invention. The illustrated proto 
cols may be used alone or in combination. In one embodi 
ment, the hybridization Step may be performed on a pre 
printed slide as described herein. 

0308 According to one method of preparing a PDMS 
chip, the chip is first washed with Soap and tap water, and it's 
channels are Scrubbed with Soft Sponge. Then, the chip is 
immersed in a Sonicating bath of 2xSSC, 0.1% SDS for 5 
minutes to remove bound protein from earlier uses. The chip 
is then rinsed in H2O, IPA, and then dried, such as by air 
drying. 

0309. In one method, glass slides may be used as reaction 
Substrates without any preconditioning. Corning Gaps II 
Slides are an example of Such slides. 

0310. In one method, preparations for printing DNA 
include preparing printDNA Concentrations between 200 to 
800 nM, and preparing a printing buffer of 3xSSC. Then, for 
each sample to be printed, about 5 ul DNA is prepared. If the 
DNA is double-stranded, the samples are denatured before 
printing by heating them to 95 C. for 10 min, placed in ice 
for 5 minutes, and then spun briefly to recombine any 
condensate with the Sample. 

0311 Preparation of a Labeled DNA to be Hybridized: 

0312. In one method for preparing labeled DNA to be 
hybridized, concentrations should be more than 10 pM to be 
positively detected. For each sample to be hybridized, 6 ul 
of Sample Volume are prepare. The amounts shown in Table 
1 are then used when 10 pM of DNA is to be hybridized. For 
different concentrations, the initial dilution of the DNA 
Sample may be adjusted accordingly: 

TABLE 1. 

Final Volume, 
Hybridization Buffer and sample COC. ill 

DNA Sample (pre dilute to 60 pM before 10 p.M 1. 
adding) 
Formamid (100%) 25% 1.5 
SSC (at 20x) 5X 1.5 
SDS (at 10%) (pre-dilute to 0.6% before O.10% 1. 
adding) 
Salmon Sperm (or BSA or herring sperm) 
(pre-dilute to 6 mg/ml before adding) O.10% 1. 

Total 6 

0313 According to one illustrative method, for each 
hybridization chip, an additional 6 ul of blank hybridization 
buffer may be prepared, substituting DEPC water for the 
DNA sample. If the labeled DNA is double stranded, imme 
diately before hybridization, the Samples may be denatured 
by heating them to 95 C. for 10 min, then place in ice for 
5 minutes, then Spin briefly to recombine any condensate 
with the Sample. 
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0314. In one example of printing a slide, the PDMS chip 
is placed onto the Surface of the glass slide, and then 
examine the slide to determine whether debris is blocking 
the channels. The slide may then be labeled to mark the area 
containing the channels 500 ml of DNA sample is then 
loaded onto each chip channel entrance. 3 inches hg vacuum 
are then applied to the channel outlet to move the Samples 
through the chip in approximately 5 minutes. Optionally, 
each channel is then rinsed with 400 nL 3xSSC. The chip 
may then be removed from the slide while vacuum is still 
being applied, taking care to avoid Splashing exceSS liquid 
acroSS the Slide. 

0315 For post printing, in one optional example, the slide 
is treated by either UV Cross-linking the slide at 65 m) or 
baking the slide to fix the DNA onto the slide surface. The 
slide is then dried in room air, typically for between 10-15 
minutes. Afterwards, the Slide is Stored at room temp, away 
from light. 
0316 For hybridization in one embodiment, the PDMS 
chip is placed onto the Surface of the glass slide So that the 
channels cross the lines of printed DNA, and then the slide 
is examined to determine whether debris is blocking the 
channels. Then, the Slide is placed on a heating block at from 
38 to 42 C.500 ml of DNA sample are loaded onto each chip 
channel entrance. Using 3 inches hg vacuum on the channel 
outlet, the Samples are through the chip in approximately 5 
minutes. Subsequently, the each channel may be rinsed with 
400 mL of blank hybridization buffer. The chip may then be 
removed from the Slide while vacuum is still being applied, 
taking care to avoid Splashing exceSS liquid across the Slide. 
0317. To complete a stringency wash in one example, the 
array is immersed array in 2xSSC, 0.1% SDS for 5 minutes 
at 42 C. in a 50 ml conical tube, inverting tube once each 
minute. Then, the array is transferred to 0.1xSSC, 0.1% SDS 
for 10 minutes at 42 C., inverting tube once each minute. 
Subsequently, the array is transferred to a new container of 
0.1XSSC, 0.1% SDS for 5 minutes at RT, inverting tube once 
each minute. The array is then quickly rinsed with 0.1xSSC 
for 5-8 Seconds and dried using clean compressed air or 
nitrogen, or in centrifuge at 1600 g for 2 minutes. 

1. A method of forming a line of Sample on a Surface, the 
method comprising the Steps of 

(a) forming a contact between a reaction Surface on a 
reaction Substrate and an open microfluidic channel on 
a channel Substrate; 

(b) introducing a sample Solution into the microfluidic 
channel, wherein the Sample Solution contacts the reac 
tion Surface along a contact line formed by the contact 
between the reaction Surface and the open microfluidic 
channel; and, 

(c) disrupting the contact between the reaction Surface and 
the microfluidic channel, thereby forming a line of 
Sample on the reaction Surface, wherein the line cor 
responds to the contact line. 

2-4. (canceled) 
5. The method of claim 1, wherein the contact line of the 

microfluidic channel is between 1 micron and 500 microns 
wide. 

6. The method of claim 1, wherein the contact line of the 
microfluidic channel is between 1 um and 500 um deep. 

7-11. (canceled) 
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12. The method of claim 1, wherein the channel Substrate 
comprises a plurality of open microfluidic channels, and a 
plurality of Sample Solutions are introduced into the microf 
luidic channels. 

13-15. (canceled) 
16. The method of claim 12, wherein the microfluidic 

channels are separated by a plurality of channel walls each 
having a thickness of between 5 and 50 microns. 

17. The method of claim 12, wherein said plurality 
consists of between 10 and 2000 microfluidic channels. 

18-34. (canceled) 
35. A reaction Surface array comprising a plurality of lines 

of biological Samples, wherein the array is produced accord 
ing to the method of claim 1. 

36. A reaction Surface array comprising a plurality of lines 
of reagent, wherein the array is produced according to the 
method of claim 1. 

37. The surface array of claim 35, wherein the array 
comprises about 2000 lines of biological samples. 

38. The surface array of claim 36, wherein the array 
comprises between 10 and 400,000 lines of reagents. 

39. An array of target samples with a density of at least 50 
Sample lines per linear centimeter. 

40. A method of contacting each member of a first 
plurality of Samples with each member of a Second plurality 
of Samples, the method comprising the Steps of 

(a) forming a contact between a reaction Surface on a 
reaction Substrate and an array of open microfluidic 
channels on a channel Substrate, wherein the reaction 
Surface comprises an array of lines of a first plurality of 
Samples; and, 

(b) introducing a second plurality of Sample Solutions into 
the microfluidic channels, wherein a Sample Solution 
contacts the reaction Surface along a contact line 
formed between the reaction Surface and each microf 
luidic channel, and wherein each contact line intersects 
each line of the first plurality of Samples on the reaction 
Surface, thereby contacting each member of the first 
plurality of Samples with each member of the Second 
plurality of Samples. 

41-43. (canceled) 
44. A method of connecting a matrix of Sample wells to 

an array of microfluidic channels, the method comprising 
the step of: 
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a) contacting a first Surface of a matrix of Sample wells to 
a first Surface of a transfer plate, wherein a plurality of 
wells of said matrix is in fluid connection with a 
plurality of first channels on Said transfer plate; and, 

b) contacting a second Surface of the transfer plate to a 
first Surface of an array of microfluidic channels, 
wherein a plurality of microfluidic channels of Said 
array is in fluid connection with a plurality of Second 
channels on Said transfer plate, and wherein Said plu 
rality of first channels is in fluid connection with said 
plurality of Second channels. 

45-53. (canceled) 
54. An interface comprising: 
a guide adapted to align a tip of a pipette toward a target 

within a well of a multi-well array; and 
a retainer adapted to hold the tip of the pipette in align 

ment with the target. 
55-68. (canceled) 
69. A method of placing Solution from a pipette tip into a 

target within a well of a multi-well plate, the method 
comprising: 

guiding the pipette tip toward a position of alignment with 
the target with a guide mated with the multi-Well array, 

retaining the pipette tip in the position of alignment with 
a retainer; and 

flowing the Solution from the pipette tip and into the 
target. 

70. The method of claim 69, wherein guiding comprises 
guiding the pipette tip with a funnel shaped portion of a 
guide plate. 

71. The method of claim 70, wherein the guide plate is 
adapted to mate with the multi-Well array and has a plurality 
of funnel shaped portions each to guide a pipette tip toward 
a corresponding target. 

72. The method of claim 71, wherein the guide plate has 
a funnel shaped portion corresponding to each well of the 
multi-Well array. 

73. The method of claim 72, wherein the target includes 
an aperture disposed within each well of the multi-well 
array. 

74-115. (canceled) 


